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PREFACE 



TO 



THE FIRST EDITION, 



In presenting to the public the first volume of " Railway Practice," the author 
begs leave respectfully to explain the general intention and purpose of the 
publication. 

It has long been his conviction that a work of this nature was required by 
practical and professional men, and that it would at all times prove acceptable to 
the public generally, yet more especially at the present moment, while railroads 
are the all-engrossing topic of conversation and discussion, and the subject of 
investigation the most acute and searching. 

This early impression on the author's mind was confirmed by the opinion of 
gentlemen the best qualified to decide on such a question, and it became conviction 
when he was assured by his intelligent publisher, " that inquiries after such works 
were frequent, and the demand for information connected with them urgent." 
Satisfied, therefore, as to the paucity of such information, and the consequent 
value of any particulars descriptive of the minutice of this most important branch 
of engineering, he could not hesitate as to the propriety of producing his " Railway 
Practice," to which he now solicits the favourable notice of the reader. 

The present volume has few pretensions as a work of art. The endeavour of 
the writer having been to render the whole plain and easy of comprehension, it 
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became his duty to avoid the expense of fine engravings, as unnecessary to the 
purpose in view; and it is in this plain and practical light that he would have 
his work considered and reviewed. The working plans are effectively portrayed, 
and the details and descriptions fully illustrated. A clear arrangement and appro- 
priate distribution of subjects, strict adherence to correct drawing, and simple 
explanatory effect, are all that he has attempted, as author or artist, beyond a 
due regard to contrast in the selection of the works here represented and illus- 
trated. 

The whole of the plates are made to resemble actual drawings, from which 
indeed, wheA tinted, they will hardly be distinguishable ; and it is presumed, that 
this easy and familiar effect will supply a desideratum to the profession, by whom 
the smaller engravings on engineering subjects are objected to for their severe dry- 
ness, extreme intricacy, and generally uninteresting appearance. 

The series of designs for railway works are respectfully submitted to the 
attention of the profession, not that they are by any means considered as models 
of perfection. They are a collection of rough sketches, and of original ideas, of 
as much diversity of style and variety in plan as is perhaps practicable. Full 
latitude has been allowed to the pencil in these views ; a hasty sketch frequently 
maintaining more of the original spirit in the form of composition, than when the 
idea is conveyed by a more elaborate process ; seeing, that in the former case, 
something is left for the imagination to complete. 



The author hopes to escape the charge of presumption, if venturing to assert, 
that ill this respect a much wider field is open than is generally recognised. Not- 
withstanding the temptation, however, he has devoted but a few sheets to this 
portion of the work, being aware that examples from the extensive railways now 
progressing will prove more useful. Should the present volume, after a careful 
perusal, supply a few hints and suggestions, it will have equalled the anticipations 
and fulfilled the intentions of the writer. 



The author of "Railway Practice" cannot conclude this brief Preface, without 
earnestly expressing his warm acknowledgments to the several gentlemen' 
engineers to the works here represented, who having sanctioned and patronised 
the work in its original project, kindly contributed to its progress, not only by 
offering every facility to his own researches, but by direct communications upon 
the subject to Mr. Williams, the publisher, and to himself. His especial thanks 
are due to the gentlemen whose names follow, and whose assistance and encourage- 
ment it is his pride to acknowledge and record : 

James Walker, Esq., P.I.C.E., F.R.S., &c. 
Robert Stephenson, Esq., F.R.S., M.I.C.E., &c. 
John Macneil, Esq., F.R.S., F.R.A.S., &c. 
Geo. Rexnie, Esq., C.E., F.R.S., &c. 
Chas. Vignoles, Esq., F.R.A.S., M.I.C.E. 
Joseph Locke, Esq., F.R.S., M.I.C.E. 
Geo. Landmann, Esq., M.I.C.E., &c. 
Geo. Smith, Esq., C.E. 
Tnos. J. Woodhouse, Esq., M.I.C.E. 

&c. &c. &c. 

S. C. BREES, C.E. &c. 



PREFACE 



TO 



THE SECOND EDITION, 



It is with no small degree of pride and satisfaction that the Author of " Railway 
Practice" ventures to lay before the Public a Second Edition of his work, within 
nine months of the original publication. 

And a striking proof and very flattering testimonial of the high estimation 
in which this collection of Public Works has been held, is the circumstance of a 
Translation of the book having already appeared on the Continent, and that 
another is also in the course of publication. 

It has likewise been honoured with distinguished patronage and consideration 
in this country, for which the Author returns his most sincere thanks, and begs to 
solicit a continuance of public favour. 

He also feels much pleasure in stating, that several of the Engineers whose 
works are delineated, have expressed their approbation of the style and arrange- 
ment of the subjects in the most gratifying manner, for which he tenders his 
respectful obligations. 

To the Editors of the several Scientific Journals and contemporary publica- 
tions, who have in so liberal and candid a manner noticed his humble attempt, the 
Author expresses his sincere thanks. 



PEEFAC E 



TO 



THE THIRD EDITION, 



The First Series of Railway Practice having been out of print for some 
years, and the fact of the Publisher receiving constant demands for it ever 
since, has led to the production of this New and Improved Edition. It is 
hoped that the Engravings will be found to contain the same clearness in 
the elucidation of the subjects for which those of the former Editions were 
so much appreciated, while the mechanical execution will be found greatly 
superior. 

The Series of Designs have been omitted, in order to make room for 
some additional Examples of Railway Works. 

To the eminent Civil Engineers who have so generously patronised this 
Work, the Editor and Publisher return their grateful thanks, and have to 
add the following gentlemen to the List of Patrons, who have contributed 
their valuable assistance to the present Volume: 

William Cubitt, Esq., F.R.S., M.I.C.E. 
Peter W. Barlow, Esq., F.R.S., M.I.C.E. 



*^* Contributions from the Profession to the Third Series of RAILWAY 
PRACTICE, consisting of Engineering Works and Details, are respect- 
fully solicited, to be addressed to 



MR. S. C. BREES, 



CIVIL ENGINEER AND SURVEYOR, 



OFFICE FOR THE "RAILWAY PRACTICE, 



43, LINCOLN'S INN FIELDS, 



NEXT DOOR TO THK COLLEGE OF SURGEONS, 



LONDON. 



»> 



LONDON AND BIRMINGHAM RAILWAY. 



ROBERT STEPHENSON, Esq. Engineer. 



The Act for the London and Birmingham Railway was passed in May, 1833 
and the Act for the Extension from the Hampstead Road to Euston Square, in 
July, 1835. The line was partially opened in July, 1837, and throughout in 
September, 1839. 

This Railway has been laid out through a very diflScuIt country, and the 
greatest pains have been taken to procure good gradients and curves ; the pre- 
vailing gradient is consequently only 16 feet per mile, or 1 in 330, and the worst 
curve on the main line 600 yards radius, which occurs at the Chalk Farm Lane^ 
near the Goods Depot. 

The standard gauge is adopted, or 4 feet 8^ inches; intermediate space, 6 feet 
5 inches ; and side spaces, 7 feet 1 inch on embankments, making a total of 30 feet 
between the side drains. 

The Terminus is very conveniently situated, the Passenger Depot being 
at Euston-square, and that for the Goods at Hampstead Road, alongside of the 
Regent's Canal, which forms a great convenience for the further conveyance of 
merchandise to the Port of London. 

The Euston Square Station cost £81,532 

The Camden Depot 114,385, ■ ,'• 

The Woolverton .' 109,454 

305,371 

Total of Stations between London and Woolverton . 25,386 

Remaining Stations about 29,243 

Total cost of Stations £360,000 

The line is worked throughout by locomotive engines at the present time, but 
the Extension, consisting mostly of steep inclinations, was formerly furnished with 
a rope and a stationary engine. 

* Now called the London and North- Western Railway. 

B 
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Chains. 



TABLE OF GRADIENTS OF THE EXTENSION. 



13i. 


. . . Level . . . 


. . Hampstead Road. 


16i. 


. . . Rise 1 in 66 


. . Hampstead Road to Crescent Place. 


17 . . 


. . . Rise 1 in 110 . 


. . Crescent Place to Park Street. 


9 . . 


. . . Rise 1 in 132 . 


. . Park Street Bridge. 


16 . 


. . . Rise 1 in 76 


. . Park Street to Regent's Canal. 



The following is about the net cost of the Railway and Furniture of the 
line per mile : — 

Railway Works and Stations £38,112 

Land and Compensation 6,276 

Carriages, Trucks, and Waggons 1,681 

Engines and Tenders, &c 1,306 

Net Cost per Mile £47,374 

There are the Expenses connected with obtaining the Act of Parliament, Law 
Expenses, &c. &c. &c. additional. 



THE PERMANENT WAY. 
Vide Plate 1. 

The Permanent Way of a Railway is laid after the cutting and embank- 
ments are formed, on what is called the formation level. The rails are secured 
on a bed of metalling, which consists of gravel or broken stone; gravel and 
loamy sand have also been used, not in a mixed state, but in separate layers. The 
line was originally laid partly with wood sleepers and partly with stone blocks, as 
shown on the plate, and the sleepers have been found the most advantageous, on 
account of the greater weight of the blocks having an injurious eflFect, particularly 
when lying over arches and other works. 

(The permanent way of the London and Birmingham Railway cost an 
average of about 333/. per mile to keep in repair in 1839.) 

The 50 lbs. to the yard, fish-bellied rails, shown on the plate, are secured to 
the chairs in a very peculiar manner. The rails are rolled with an angular notch 
on one face, and there is a hole on one side of each chair through which a small pin 
is inserted, which rests in the notch before stated — a split key is afterwards passed 
along the cheeks of the chair, and through the pin by which the latter is held 
in its proper position, and the rail becomes securely fiixed, for although it may 
move longitudinally, yet it cannot rise from its bed. 



n 

A circular ball is sometimes seated in tlie notch, and retained by the key in- 
stead of allowing the latter to terminate there. 

The joint chairs, of course, require two pins and keys, as shown upon the 
plate. 

The mode of fixing the 65 lbs. to the yard parallel rails, shown on the plate, 
is the plan generally adopted at the present time. It consists of a wooden key, 
or tapering wedge, driven into a vacuity prepared to receive it between the cheek 
of the chair, and the side of the rail, by which the rail is held tight. The keys 
are prevented moving by the upper table of the rails, and as they become loose 
from shrinkage, they are tightened from time to time by a mallet. This process 
is, however, much diminished by the adoption of May's patent compressed wood. 
Mr. W. II. Barlow has obtained a patent for tubular metal keys, to be used in 
place of the wood ; by wliicli lie proposes to afford a certain degree of elasticity 
at the joining of the chairs with the rails. 



SPECIFICATION 

Of Rails, Chairs, Wedging Bolts, Keys, and Pins, for the London and 

Birmingham Railway. 

RAILS. 

To be of malleable iron, from No. 2 ]^Iine, entirely free from cinder, the rails 
being No. 3, when finished; length of rail 16 feet, parallel form, square ends; 
bearings 4 feet apart from centre to centre; depth 4 J inches; width over the top 
2^ inches; 6 5 lbs. per yard. 

The precise form and dimensions of the Rail in section will bo understood on 
reference to the accompanying full-sized Drawing, fig. 1, which represents the 
general section of the Rail between any two bearings. At each section the form 
of the bearing is changed by the vertical rib being thickened, so as to become 
equal in breadth to the bottom web, making the section at these points a simple 
T shaped Rail, as shown by the dotted lines, fig. 1. 

In cutting the ends of the Rails, whatever method may be adopted, they 
shall, when finished, present a uniform sectional outline, accurately corresponding 
with the section of the adjoining portion of Rail, and exactly square with the top 
surface of the same. 

b2 
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At the works where the Rails may be manufactured, five chairs, of the 
description and dimensions hereinafter specified, shall be firmly fiixed by spikes, 
at the proper distances, on a balk of timber. Into these chairs every rail as it 
is completed, shall be inserted, for the purpose of ascertaining that the positions 
of the thickened portions, forming the bearings, are properly situated, and cor- 
rectly fit the recess in each chair, and that the length does not exceed or fall short 
of 16 feet, as no deviation will be aUowed. 

In addition to accurately fitting the chairs, the rails must be entirely free 
from any warping, and present a uniform, unbroken surface in every part, as all 
rails will be rejected which exhibit any symptoms of imperfect welding, whether 
appearing on their sides or upper surfaces. 

CHAIRS. 

To be made from No. 1, strong grey cast iron, and of two kinds — double or 
joint chair, and single or intermediate chair. 

Double or joint Chair — will be accompanied by two wrought iron pins, two 
wrought iron wedging bolts, and two wrought iron keys. The chair to be cleanly 
cast, free from air-holes, sound, and correctly moulded. The recess in the chair 
for the reception of the rail shall not exceed the sectional dimensions of the rail 
more than will admit the rail to drop tightly into it. The greatest attention will 
be required to this fitting. 

Single or intermediate Chair — will be accompanied by two wrought iron 
pins, one wrought iron wedging bolt, and one wrought iron key. The same care 
will be required in casting this chair and fitting to the rail as specified for the 
double chair. 

WEDGING BOLTS. 

The form and dimensions of the Wedging Bolts, as well as of the keys, will 
be understood by reference to the drawings. To be of the best malleable iron, the 
key-hole to be truly punched in the axis of the bolt, and the bolt to be swayed 
and made truly cylindrical throughout, so as to fit the hole in the chair accurately, 
without any play. Should the hole in the chair be rough, or otherwise untrue, it 
shall be carefully rimered out until the bolt fits it in the manner described. Especial 
care will be required to punch the hole clean and true, and in its proper position, 
so that before the key is driven about half home, the chisel end of the bolt shall 
bear firmly in the groove of the rail. All these bolts to be thoroughly case- 
hardened. 
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KEYS. 

To be of malleable iron of the best quality, well hammered, split at one end, 
as shown in the Drawing, fig. 6, and carefully squared at the other. Each key 
to be uniformly tapered, so as to effect one quarter inch of draw. The thickness 
of the key to be uniform throughout, the tapering sides to be straight and cleanly 
forged. 

PINS OR SPIKES. 

Pins or iron Spikes for fixing the chair into the block to be 7 inches long, 
and 3-4ths of an inch in diameter, with a head not less than 1 J inches in diameter, 
and 5-8ths of an inch in thickness. 

N. B. The Directors being anxious that the most scrupulous care should be taken 
to form the rails, and all the other wrought iron parts above described, of the best 
No. 2 Mine iron only, will reserve to themselves the power of sending one or more 
Inspectors, either occasionally or permanently, to the works where the iron and 
rails are manufactured, the parties whose tender may be accepted binding them- 
selves at all times during the progress of the execution of the above rails, chairs, 
&c., to afford every facility of access to such Inspectors to all parts of the works 
which they may deem necessary for satisfying themselves that the manufacture of 
the iron or rails, is in every respect in accordance with the above stipulations. 

With a view of removing as much as possible all ambiguity as to the mode 
of manufacture, the following particulars are considered as implied by this 
Specification : — The iron to be refined. The puddled ball to be put under the 
shingling hammer and rolled into rough bars, by some caDed " puddled bars," by 
others " No. 1." These bars being cut into convenient lengths, are to be ball- 
furnaced, hammered, and rolled into Merchant or No. 2 bars ; these bars again cut, 
heated as before, and rolled into rails. Parties tendering, who do not propose to 
foDow the above method strictly, are requested to state in similar detail the pro- 
cess to which their tender applies. Further particulars and explanations may be 
had by personal application to the Engineer, at the Railway oflSce, St John's 
Wood, London. 

The whole of the rails, &c., specified above, are to be delivered on board a 
canal barge in the Pool, or on the Company's Dep6t, Camden Town, on the Regent's 
Canal, London. 



SPECIFICATION 



OF THE 



EXTENSION CONTRACT, No. I. 



Specification of the several works to be performed in making and completing a 
part of the said Railway, commencing at a point marked A in a line with the 
faces of the Houses on the North side of a street called Drummond Street, in the 
Parish of Saint Pancras, in the County of Middlesex, and terminating at a point 
marked C, about ten yards Northward of the Towing Path of the Regent's Canal, 
in the same Parish. 



EXTENT OF CONTRACT. 

This Contract includes the formation and completion of so much of the 
Railway as shall be included between a point marked B at the termination of the 
intended Depot, and about 275 yards from the hereinbefore named point marked 
A to the hereinbefore mentioned point marked C, being a distance of about 74 
statute Chains. 



It comprehends the following Works y viz. 

The making and erecting of the Hoards or temporary fencQ herein specified 
to be erected before the commencement of any of the other works. 

The formation of the whole of the Excavation Embankments and Spoil Banks 
represented upon the Plan. 

The erection, backing and completing of the several Retaining Walls shown 
on the Drawings, with that of the Parapet Walls of the embankment, and the 
piers and arches which support them, and the pillars and iron palisading on the 
top of these walls. 
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The erection of the following Bridges, namely — 

The bridge under the intended street to be called Wriothesley Street. 
Ditto, 1 > On the Duke of Bedford's estate, (these two bridges are 
Ditto, 2 5 similar in design^ Vide Plate 2.) 

The bridge or covered way under the Hampstead Road, (Vide Plate 3.) 
The bridge under Stanhope Place, (Vide Plate 6.) 

Ditto under Crescent Place. 
The bridge or covered way under Park Street, (Vide Plates 4 and 5.) 
The bridge over the Regent's Canal, (Vide Plates 7, 8, 9, 10, 11, 12, 13, 
and 14. 

The formation of and completing the several Approaches to, and Roads over 
each of the foregoing bridges, and the paving and flagging the road and footway 
in such case or cases as are shown on the drawings. 

The paving and railing off the areas, flagging the footways, paving the 
carriage way, and erecting dwarf walls and palisades, for Wriothesley Street, as 
shown in the drawing. 

The restoring the surface of the carriage way and footpath of Granby 
Street to its present condition, including the finding and fixing of the iron rail- 
ing, erection of walls, and all other work necessary thereto and specified in the 
drawing. 

The diversion of such roads as are shown on the drawings, together with the 
metalling and completing the roads over the Hampstead Road bridge and Park 
Street bridge, togetlier with the intended new road extending from Park Street 
through the Oval to the Regent's Canal. 

The formation of Drains in the excavations and embankments, together with 
those in such other places as may be specified in the contract drawings. 

The laying, ballasting, and drainage of a quadruple line of permanent way. 

The providing of all timber, lime, bricks, stone, iron, concrete and other 
materials necessary for the furtherance and completion of the works. 

The doing of all other works mentioned or described in the accompanying 
specification and drawings. 

Also^ the execution of the folloxcing 

EXTRA WORKS. 

A wall on the north side of the Regent's (Janal, similar to that in the embank- 
ment between Park Street and the Canal Bridge. 
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CULVEETS. 

Including excavating the foundations, backing, and completing the same, of 
the several internal bores or diameters shown on the drawings, to be executed at 
the places where they may be required. 

The Wing Walls to the North abutment of the Canal Bridge. 

The preceding enumerated works, whether comprehended in the contract or 
extras, and the mode of execution, are described in the specification of each par- 
ticular work, and their forms and dimensions are represented in the accompanying 
drawings, which are referred to in this specification ; but should any discrepancies 
exist between the scale attached and the written dimensions, or between the draw- 
ings and specification, or any ambiguity in them, the same are to be referred to the 
Engineer, whose decision shall be conclusive. Also, anything contained either in 
the drawings or specification shall be equally binding upon the Contractor as if it 
were contained in both. 

The written dimensions are to be taken in all cases in preference to the scale 
attached. 

FENCING. 

Immediately on obtaining possession of any part of the ground, and before 
the commencing of any work thereon, the Contractor shall effectually surround and 
enclose the same with a hoard or close paling 6 feet 6 inches in height ; the situation 
of the hoard is shown on the plan by a black dotted line. 

The hoard is to consist of uprights, 6 inches by 4 inches scantling, morticed 
to receive three horizontal rails of the shape shown upon the drawings, of a scant- 
ling not less than 3 inches by 2 inches, to which boards shall be nailed with good 
tenpenny nails, as shown in the drawings, so as to effectually prevent any one from 
looking through at the works. The tenons must be fixed into the mortices by 
wooden pegs. Should the hoard decay, or become damaged during the time that 
the ground inclosed by them remains in the possession of the Contractor, he shall 
replace it, or any part of it so damaged, with work equal to the first erection to 
the satisfaction of the Engineer. 

All Drains, or alterations in or deviations from existing Drains or Water- 
courses which may be necessary for the exclusion of Water from the excavations, 
for the prevention of damage to the adjoining property, or for any other purpose 
whatever, during the progress of the works, shall be made by the Contractor, at 
his own expense. 



V 
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EXCAVATIONS AND EMBANKMENTS. 

The Part coloured Red on the Field Plan, shows the direction of the 
Railway, and the Area of the Land which will be purchased by the Railway 

Company. 

The part coloured Yellow will be rented by the Railway Company, and the 
Contractor will have liberty to enter thereon, and erect any temporary houses, 
offices, &c., necessary during the progress of the works, or any machinery for ex- 
cavating and embanking, which shall not be specially prohibited by Act of Parlia- 
ment, for making the extension of the Railway. 

The embankments are coloured Green, and the excavations Red, upon the 
Section of the Line. 

EXCAVATIONS. 

The Red line on the Section describes the tops of the embankments and bottoms 
of the Excavations, previous to laying the permanent way. 

The Black undulating line describes the present natural Surface of the 
Ground along the centre line of the Railway, and shows the heights of the 
Embankments and depths of the Excavations, from which data their contents 
have been calculated, upon the supposition " that the Area of any Cross Section 
in sidelong ground does not diflFer from the Area of a similar Section in Level 
ground." 

Plans and Sections of an Excavation, Embankment and Spoil bank, are shown 
in Drawing No. 24. 

The Excavations are shown in the drawings, and include the excavation ne- 
cessary for the Retaining Walls, and their foundations. 

The Excavations shall be carried on in such lengths as the Engineer shall 
direct, and their sides and faces shall be supported by such timber or other mode 
as shall be to his satisfaction, at the expense of the Contractor, during their pro- 
gress, and until the completion of the Retaining Walls. 

' The face of the Excavation shall in no case be carried on more than 40 feet 
in advance of the completed Retaining Wall, without the written permission of the 
Engineer. 

Whenever or wherever Springs, Streams, or Soaks of Water may appear and 
issue from the sides of the Excavations, or any other portion of the work, the 
Contractor shall, at his own expense, take all such precautionary measures of 

c 
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draining, damming, stopping, lading, or pumping such water, or otherwise getting 
rid of it, as the Engineer shall direct, in order to prevent any injurious effect, 
either during the progress or after the completion of the work. 

EMBANKMENTS. 

The Embankments to be made of such height and at such Slopes as are shown 
in the Section and Drawings, and the Slopes must be carefully trimmed to their 
proper inclinations as the work proceeds. 

Each Embankment must be carried forward as nearly at the finished height 
and width as the allowance for shrinkage will admit of. (This must be strictly 
attended to in all cases, for obvious reasons,) and covered with soil 1 foot in thick- 
ness. The Contractor will also be required to cover with soil, not less than 2 feet 
in thickness, the whole (excepting slopes and roadway) of the Embankment or 
Spoil bank which is intended to form a crescent Garden on the Duke of Bedford's 
estate; the soil to be taken from the surface of any adjoining excavation. 

The Contractor to provide himself with Tools, Labour, &c., (a similar clause 
will be found in the specification of 5 B, vide page 52,) for working the excava- 
tions and embankments. He must take every precautionary measure while working 
the Hampstead Boad and Park Street Tunnels, for the safety of the metropolitan 
Boads. 

GENEBAL STIPULATIONS. 

The General Stipulations are similar to 5 B, except where otherwise described, 
(vide pages 52, 53, 54, &c. ;) also the description of the Brickwork, mortar, roman 
cement, concrete, backings to arches, wings and spandrels, stone imposts, (except 
in cases of skew arches, the skew backs of which must be worked to suit the 
oblique direction of the springing of the courses,) the stones (with the exception 
of the backs,) to be fairtooled, string courses (except to be not less than 3 feet in- 
stead of 2 feet 6 inches in length,) coping stones (except to be in 3 feet lengths 
instead of 2 feet, and the caps of pillars to consist of one stone;) also excavating 
Foundations, (the Contractor to do it at his own expense, unless the Engineer 
considers the foundations of any part of the works ought to be Piled, the Con- 
tractor shall do it, and be allowed for it as an Extra Work.) The descriptions of 
the above works are similar to those given in Contract 5 B, (commencing at 
page 52,) with the exceptions specified. 
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IRON WOKK IN GENERAL. 

The whole of the Cast Iron, except that otherwise specified, to be of good 
Grey iron of No. 1 pig. No open Sand Castings shall be allowed. All the Wrought 
Iron to be of best Merchants Iron. All the iron to be subject to such Tests the 
Engineer may think proper, provided such test does not exceed a strain of 8 Tons 
per inch sectional area of Wrought Iron, and 5 tons per inch sectional area in Cast 
Iron. The castings to be clean, smooth, and even, free from air holes and all 
other defects, entirely corresponding with the drawings, in the Skew Girders, 
the proper winde must be strictly preserved. 

TIMBER. 
All the Timber to be approved of by the Engineer. 

ARCHES. 

The method of turning the brick Arches similar to those described iti 5 B, 
(vide page 53,) and the counterforts, abutments and spandrils shall be so worked 
and bonded into the arch as the Engineer shall direct. When the Arches are askew, 
the bricks must be laid in proper Spiral lines. 

FILLING IN OVER ARCHES. 

A similar clause will be found in 5 B, (vide page 53;) but the 18 inches 
below the surface of the roadway may be filled with broken granite, as described 
under the head of " metalling of roads" hereinafter described. 

RETAINING WALLS IN GENERAL. 

Vide Plates 2, 3, 4, 5, 6, and 7. 

The various Retaining Walls are respectively shown on the several Drawings, 
where the several lengths, heights, inclinations, and curvatures (where such occur) 
are shown. The first of these Walls is that which divides Wriothesley Street 
from the intended Dep6t, and is represented on Drawing No. 3. The next wall 
extends from Wriothesley Street bridge to the Hampstead Road bridge, (vide 
Drawing No. 5.) From this last mentioned bridge, the walls extend to Crescent 

c2 
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Place bridge, (vide Drawing No. 11.) From Crescent Place bridge they continue 
to the bridge under Park Street, as shown on Drawing No. 14. From Park 
Street bridge to the Regent's Canal, they are represented on Drawing No. 18. 

RETAINING WALLS. 

Sections and Elevations of the Retaining Walls are shown on the various 
drawings. 

The faces of these walls will be a Curved Batter ; the radius of this batter 
will be 50 feet, giving an average batter of 2^ inches per foot on 20 feet in every 
case, excepting in the walls from Crescent Place to Park Street, which have a 
radius of 61 feet 8 inches, being an average batter of 2 inches to a foot on 
20 feet. The whole of the brickwork of the walls will be laid in courses radiating 
from the supposed centre of the curve of the batter. The walls will increase in 
thickness the nearer they are to the foundations, by half-brick oflFsets, and the 
footings will consist of stoppings of two courses of brick, projecting one-quarter 
of a brick. 

One foot thickness of Concrete will be placed under the footings of the walls ; 
it will project 6 inches from the footings in the front, and be flush with the neat 
work behind. 

The space at the back of the walls shall be well Punned in with clay. The 
faces of the walls will be broken at intervals of 16 feet, or thereabouts, as near 
thereto as consistent with dividing a given length of wall into an equal number of 
parts, by Pilasters 4 feet by 4 inches wide, projecting half brick, built and bonded 
with the rest of the wall. Counterforts will be built at the back of the wall, equi- 
distant between the pilasters, and bonded into the wall. A stone plinth 6 inches 
thick must be built in at the required height, and the wall above it will recede 
one-quarter of a brick from the face of the plinth. 

In excavating for and erecting these walls, the Contractor will be required 
to provide at his own expense all such Centering, leading frames, plumb rules, and 
other implements and materials as the Engineer may deem requisite for the expe- 
dition or soundness of the works ; and also such other Timbering, iron work, 
props, bars, and pollings, as the Engineer shall think necessary for protecting the 
face or sides of the excavation or any other part of the work. 

As soon after the erection of the walls as the Engineer shall permit or 
require, the Contractor shall proceed to cope them with stone. The Coping shall 
then be surmounted with pillars 4 feet high and 4 feet wide, capped with a 
weathered Cap stone 9 inches thick projecting in one stone over the several 
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pilasters in front of the waD. The Palisade must then be fixed between the 
pillars, and holes cut in the stone for their fastenings. 

At the termination of the excavation beyond Park Street, the Walls change 
their construction and become Parapets supported on Arches, the piers of which 
descend through the foundations excavated in the natural ground. These piers 
and arches will be erected before the formation of the embankment ; and the walls 
will be coped, and palisades and pillars fixed thereon, in the same manner as the 
retaining walls. 

PALISADING. 

The Palisading for the retaining wall is shown on Drawing No. 23, (vide 
Plate 3 :) it is all of the same pattern, consisting of a Wrought iron Handrail 
riveted to lengths of cast iron open work ; the handrail will be in lengths of 
16 feet 6 inches or more, if required. The Castings to be 3 feet 6 inches long 
and about 4 feet high ; they wiD have solid projecting feet, which must be let into 
the stone, and run in with lead. The whole must be constructed and fixed in a 
proper and workmanlike manner. The handrail shall be of the best merchant's 
^ iron, and the castings of No. 2 pig. 

WRIOTHESLEY STREET BRIDGE. 

This Bridge is to be built on a part of the Railway marked on the Plan, 
Drawing No. 2, where the balance line will be about a foot in excavation. It will 
cross the railway at an angle of 76 degrees, and will consist of iron, stone, and 
brickwork. 

The foundations will be Concrete, as shown in the drawings, and hereinafter 
described in the specification for Stanhope Place bridge. The piers and abutments 
will be constructed in the same manner as those for the bridge under the Hamp- 
stead Road hereinafter described. The girders will be cast askew, and the cross 
arches built in the same manner as those in the bridge under Park Street herein- 
after described. The coping, parapet, string-course, and dentils will be stone. 

For particulars of Materials and Workmanship, see general directions herein- 
before given. The granite paving for a moiety of the road to and over this bridge 
to be provided and laid by the Contractor, according to the drawing ; no stone 
must be less than 12 inches by 6 inches by 8 inches, good sound granite. The 
flagging must be the best Yorkshire, and the fixing of the whole, and otherwise 
completing the street, must be duly attended to. 
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BRIDGE ON THE DUKE OF BEDFORD'S ESTATE. 

Vide Plate 2. 

This bridge will be built at a part of the Railway marked on plan, Drawing 
No. 2, where the excavation is about 9 feet deep. It is Askew, crossing the rail- 
way at an angle of 76 degrees. The faces will be stone. The soflSts at the arches 
will be laid in Spiral lines, as hereinbefore described in the general stipulations. 
The pier and abutment will resemble those hereinafter described for the bridge 
under the Hampstead Road. In other respects this bridge resembles that under 
Stanhope Place hereinafter described. 

For particulars of materials, see general directions hereinbefore given. 

BRIDGE ON THE DUKE OF BEDFORD'S ESTATE. 

Vide Plate 2. 

The Bridge will be built at a part of the Railway marked on Plan, Drawing 
No. 2, where the railway is about 13 feet in excavation. It is 5 feet wider than 
the last mentioned bridge between the parapets, but in other respects exactly re- 
sembles it. The Contractor is referred to drawing No. 7, and to the hereinbefore 
contained specification for bridge No. 1 on the Duke of Bedford's estate. 

BRIDGE OR COVERED WAT UNDER HAMPSTEAD ROAD. 

Vide Plate 3. 

This Bridge crosses the Railway at a part marked upon the plan, where it is 
about 20 feet excavation. Its total length is 339 feet. It will be built on an in- 
clination of 1 in 60. The foundation will be concrete as the other bridges. The 
face of the piers and abutments, the impost, plinth of the parapet, and pillars of 
the same, are to be stone, also the facing of the plinth of the pillars in the pier. 
The pier will be a series of piDars with inverts sprung between them, and the im- 
post stone lying on the top from pillar to pillar above the opening. Each of these 
stones must be 6 feet long. In the abutments, the pilasters project only half a 
brick from the face of the wall, which increases in thickness as it gets lower. On 
the stone impost, and immediately over those pillars, the iron girders rest, whose 
ends are made flat to lie upon the stone. The Girders are curved, and have a 
versed sine of about 2 feet 6 inches. Each girder must be of the best No. 1 iron, 
and they must be proved with a weight of not less than 40 tons ; Groined cross 
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Arches are sprung from one girder to the other the whole length of the bridge, and 
they must be well set in Roman cement. Two round wrought iron Bolts of not 
less than 2 inches in diameter must pass from the front girder through three 
cross arches, and be firmly keyed in. 

The four Girders for the Faces of the bridge will be different firom the others 
in their construction, and will be flat on the top to receive the stones which form 
the projecting string-course. An ornamental cast iron front will be bolted to each 
of these girders. 

For particulars of materials, &c., see general directions hereinbefore given. 

The Contractor will see by drawing No. 10, the houses which are intended to 
be taken down for the erection of this bridge, and he will be held responsible tor 
any damage that may accrue to any other house except those specified. The lines 
A-B, B-C, C-D, and E-F, (on the drawing,) show the length of railing the Con- 
tractor has to erect in Granby Street. 

BRIDGE UNDER STANHOPE PLACE. 

Vide Plate 6. 

This Bridge will be built at a part of the Railway marked 65 on the plan, 
where the excavation will be about 1 8 feet in depth. The Faces will consist of 
stone, and the internal structure of brickwork. The foundations will be concrete 

1 foot thick, projecting 6 inches from the footings, but flush with the neat work 
behind. See Drawing No. 12. 

The pier and faces of the Abutments will consist of a series of brick pillars 
and pilasters, with arches and inverts strung between them, as drawing. The 
Actual Abutments shall be recessed, as shown on the drawing, and set upon con- 
crete. In case, at any time, the Contractor shall excavate too much earth, he 
must fill in the extra excavation with concrete, at his own expense. The stone 
imposts will be continued throughout the whole length of the bridge. Each arch 
will be a segment of a circle, with a chord 25 feet long, and with a versed sine of 

2 feet 6 inches. The torous moulding must run the whole width of the bridge, 
and no stone can be used in it less than 4 feet in length ; the parapet will be of 
stone, with stone pillars of the dimensions shown in the drawings, and the whole 
coped with stone. 

The Drains must be laid in Roman cement. For particulars of materials, 
&c., see general directions. 
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BRIDGE FOR CRESCENT PLACE. 

This Bridge will be built at a part of the Railway marked on the plan, where 
the excavation will be about 21 feet deep. The voussoires, faces of the pier and 
abutments, facing of the plinth, the string-course, dentels and coping, will be of 
stone. The spandrels, parapets, and other parts of the face of the work of malm 
bricks, tuck pointed, and the internal structure of good sound brickwork. The 
actual abutments are solid. This bridge resembles in other respects that of Stan- 
hope Place, to which the Contractor is referred. 

BRIDGE OR COVERED WAY UNDER PARK STREET. 

Vide Plates 4 and 5. 

This Bridge crosses the Railway at a part marked 15 on plan, where the ex- 
cavation is about 22 feet. It will be built on an inclination of 1 in 135, but the 
soffits shall not be parallel with the rails, being 3 feet higher above the rails at the 
South end than at the North. The cross arches will not be groined, but the 
spandrels must be carried up from the girders as drawing, and the arches will then 
spring level for their whole width. In every other respect, the specification for 
the Hampstead Road bridge will apply to this. 

BRIDGE OVER THE REGENT'S CANAL, NEAR CHALK FARM. 

Vide Plates 7, 8, 9, 10, 11, 12, 13, and 14. 

This is one of the boldest specimens of construction on the whole line, the 
Railway being entirely suspended by attached rods, as shown upon the several 
plates. We believe it is the first application of the suspension principle to carry 
locomotive engines and trains as used upon a Railway. 

The railway platform contains four lines of rails, and is hung on wrought 
iron suspension rods, which are supported by massive cast iron main beams, of 
which there are three pair, well braced together, and spanning the canal by a 
length of 50 feet, and at an elevation of 12 or 13 feet above the level of the 
water. These beams are cast with a flat arch rising in their depth, and strong 
horizontal tension rods, well coupled, are fixed to counteract any inclination of the 
ribs to spread at the abutments. The Railway platform consists of a number of 
fish-bellied girders, each 28 feet long, and which are supported by the suspension 
rods and laid athwart the bridge. These rods are securely keyed to the main 
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beams. Oak beams are fixed across the girders upon which the railway chairs are 
secured, and cast iron gratings are filled in between the spaces, which completes 
the bridge. 

SPECIFICATION. 

This Bridge will consist of three Main Bibs of cast iron, properly secured. 
Each main rib will consist of two ribs, properly connected, and each of these will 
be cast in one piece. The Cross Girders will be secured to these ribs, and the 
thrust of the arch sustained by tie bolts. The open Ornamental work of the 
face will be bolted to the main ribs, (vide Plates 11 and 12.) The Roadway Plates 
to be fixed as drawing (vide Plates 11, 12, and 13), and they will be perforated for 
drainage. No ballasting will be laid on the bridge. The Chairs will be fixed on 
oak blocks, firmly secured to the girders. 

Coffer Dams will have to be sunk by the Contractor at his own expense, and 
included in the amount of his tender, in order to get in the foundations of the 
abutments. Concrete will be employed in these foundations, as shown on the 
drawings. The Abutments will principally consist of brickwork, set in mortar, 
(except so much as is included between the foundations and the level of 1 foot 
above top water level, for 18 inches from the face of the work, which must be set 
in Roman cement.) The abutments will be faced with stone, and stones will have 
to be built and bonded in various parts, as shown on the drawings. 

PILING, AND COFFER DAMS. 

The Contractor shall provide and drive Cast Iron Piling,* to protect the sides 
or banks of the canal, in the parts directed by the Engineer. This piling must 
be set down in the schedule of prices, and to be provided and driven at so much 
per foot ; and the Contractor will be paid at this rate for such quantity of piling 
as the Engineer shall see fit to give him written orders to drive. 

Upon commencing this Bridge, the Contractor must, in the first instance, 
proceed to place a coffer dam around the intended site of the South Abutment, 
suflScient to contain the whole of the foundations described in the drawings, and 
well and conveniently to erect the same ; he will be at liberty to withdraw the 
same, after the completion of the abutment, unless the Engineer should see fit to 
order it to be driven lower than the top of the concrete shown in the drawings, in 
which case the Contractor is required to cut off* such piles level with the bottom 
of the canal. In case the Engineer should think fit to increase the length of the 

* The iron sheet piling was omitted, and a brick retaining wall built instead^ (Vide Plate 
No. 8.)— Ed. 

D 
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pileSj the Contractor shall be bound to provide and drive them of such length as 
the said Engineer may order, and is to be paid for the same at the rate contained 
in his schedule of prices. When the south abutment shall be raised so high as the 
Engineer may direct, the Contractor shall drive the iron Piling for the new towing 
path, which must be all driven, and the main towing path made good, before they 
shall proceed to excavate the foundation of the North abutment. 

The girders are suspended to the bracing frames by 2 J in. wrought iron 
suspension bolts ; they consequently extend from rib to rib ; and the oak blocks 
which carry the chairs are to be firmly bolted on the tops of them, as shown on 
the drawing. 

The Eoadway Plates consist of a lattice 1 inch thick, composed of 1-inch 
square bars, 3 inches from centre to centre. They are fixed as shown upon 
drawing. 

Three thicknesses of patent felt are to be interposed between the bracing 
frames and girders, one thickness between the bracing jframe and main rib, where 
the chipping pieces are shown in the drawing, and one thickness between the 
girder and oak block, fastened on the top thereof. No bolt holes are to be cast in 
the ribs or girders, but they are to be carefully drilled out afterwards, to fit the 
bolts. The mortices in the tie bolts must not be cut until the bolts have been 
fitted in their places and accurately marked. 

ABUTMENTS. 

Piles, 8 feet long and 1 foot square, are to be driven at the points noted on 
the plan of foundations, and iron bolts are to be keyed to them, connecting the 
said piles with the iron piling, in order to hold the latter in the proper place. 

The Bolts are all of them the same length, and the points where the piles 
are to be driven are situated so that the bolts form portions of radii of the curve 
in which the piling is fixed. The chairs which carry the rails are fixed on the 
oak blocks on the top of the girders throughout the whole space between the abut- 
ments. Over the abutments they are fixed on oak beams, which rest on the abut- 
ment wall, and extend 20 feet from the face of the work, so as to ease the rails in 
case of the settlement of the embankment. The Bails over the bridge are 
wrought iron bars, 6 inches by 2i inches. They are fixed on chairs of the con- 
stniction shown on Drawing No. 22, over the bridge, and on those generally used 
on the line afterwards. The Contractor must observe strictly, and not deviate in 
the least from the drawings and dimensions shown, unless in compliance with the 
written order of the Engineer. The Contractor is to do it all in a thorough 
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workmanlike manner, and no work shall be allowed to pass without the approval 
of the Engineer ; his order must be strictly attended to in every case. The Con- 
tractor to provide himself with all machinery, implements, labour, &c., deemed 
necessary by the Engineer for the furtherance of the work. Each Girder must be 
tested to 40 tons, and each Tie Bolt to 65 tons. For particulars not contained in 
this part of the specification, the Contractor is referred to the general directions. 

BALLASTING AND LAYING THE PERMANENT WAT. 

A similar clause will be found in 5 B, except that there will be a four-fold 
way of single Lines of Rails, and they will fall from the point A marked on the 
Section of the Line to the point B, at the uniform rate of 1 in 156, or 0.423 feet 
per chain; from the point B to the point C at the rate of 1 in 286, or 0.237 feet 
in a chain. From this point to the point D it will rise at the uniform rate of 1 in 
60, or 1.1 feet in a chain; from the point D to E it will rise at the rate of 1 in 
135, or 0.4888 feet in a chain ; it will then rise 1 in 75, or 0.88 feet per chain, 
and continue at this level to the end of the contract. The tt\ro outside lines of the 
way are to be 6 feet apart, and as drawing. There shall be cross drains 30 feet 
apart, and a sink trap with iron grating to each alternate cross drain. 

DISPOSAL OF MATERIAL. 

The Contractor must calculate the quantity of earth contained in each of 
these several embankments from the heights given on the plan, the slopes being 
1 to 1. The embankment between Park Street and the Canal will have to be 
formed from part of the remaining contents of the excavations, and the surplus 
material must be then carried over the canal, and will form the embankment 
adjoining the Chalk Farm depot. 

Notwithstanding these arrangements, the Company reserve to themselves the 
power to order the Contractor to lay out part of the material excavated on the 
site of the intended dep&t at Euston Grove. 

TIME OF COMPLETION. 

The whole of the above described works are to be completed on or before the 
1st of January, 1837. 
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SPECIFICATION 

Of the several Works to be done in making and completing a Part of the 
London and Birmingham Railway. (First Contract joining the Extension.) 



EXTENT OF CONTRACT, AND GENERAL STIPULATIONS. 

This Contract commences at the Dep6t, near the intersection of the Hamp- 
stead Eoad with the Regent's Canal, and terminates at the River Brent, including 
a length of about 5| miles. 

It comprehends the following Works: — 

The making of the Temporary Fences necessary during the progress of the 
other works. 

The making of the Permanent Fencing. 

The formation of the whole of the Excavations and Embankments. 
The raising of the Land for the proposed Dep6t. 

Making and completing the Tunnels under Primrose Hill, and the London 
and Harrow Road, near Kensal Green. 

The erection of the Bridges over the Railway at the crossing of the private 
road from Paddington to Hampstead. 

Ditto at the crossing of the London and Edgeware Road, near Kilburn. 
Ditto at the crossing of the Railway over the road to Wormwood 

Scrubs, called Mitre Lane. 
Ditto at the crossing of the Railway over the road from Halesdon Green 
to Acton. 
The making and completing of the Approaches to each of the foregoing 
Bridges. 

The erection of the Bridge over the River ferent. 

The making of the Culverts under the Railway for the Serpentine River and 
Canal Feeder, and all other Culverts shown on the Section. 
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The laying and ballasting of the Permanent Way, including the providing of 
all timber, bricks, lime, stone, or other materials necessary for the completion 
of the Works. The iron railsj chairs^ keys^ pinsj trenails, blocks, and sleepers 
for the purpose, being provided by the Company. 

Also, the execution of the following 

EXTRA WORKS. 

The erection of Gates. 

The excavation and embanking of sloped Occupation Bridges. 

The metalling of Occupation Roads. 

The paving of Roads crossing the Railway on a level. 

The building of Occupation Bridges and Culverts. 

The laying and ballasting Permanent Sidings, and the formation of Tool 
recesses, are considered as extra works, and will be paid for as such, according to 
the schedule of prices for extra works set out in the Tender. 

The preceding enumerated works, and the mode of exfecution, are described 
at length in the Specification of each particular work, and their forms and 
dimensions described in the accompanying drawings, which are referred to in each 
specification. But should any discrepancies exist between the measurement by 
the scale attached and the written dimensions, the same is to be referred to the 
Engineer, whose decision shall be conclusive. Anything contained either in the 
Drawings or Specification shall be considered as contained in both. The written 
dimensions are those by which it is intended the Contractor shall make his 
estimate. 

EXCAVATIONS AND EMBANKMENTS. 

The part coloured Red in the Plan shows the direction of the Railway, and 
the area of land which will be purchased by the Railway Company, and upon 
which the Contractor shall have full permission to erect any temporary houses, 
offices, &c., necessary during the execution of the works, or any machinery for 
excavating, embanking, or tunnelling, provided that such proposed erections shall 
not be specially prohibited by the Act for making the Railway. The Embank- 
ments are coloured light red, and the excavations of a deeper red. The Red line 
on the section describes the tops of the embankments and bottoms of the excava- 
tions, previous to the laying and ballasting of the Permanent Way. 

The Black undulating line describes the present natural surface of the 
ground along the centre line of the Railway, showing the respective heights of the 
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embankments and depths of the excavations ; from which data their contents 
have been calculated, on the supposition that the area of any cross section in 
sideling ground does not differ from the area of a similar section in level ground. 
The levels from which the section is made are believed to be accurate, but the 
Contractor must verify the results, as he will be held liable to the consequence of 
any errors. 

EMBANKMENTS. 

The whole of the Embankments in this Contract shall have slopes of 2 to 1 
(that is to say), where the base of the slope is two feet, its height shall be 1 foot 
only; and they shall be 33 feet wide at the level of the red line in the section, 
neither more nor less. 

Each of the Embankments shall be uniformly carried forward as nearly as 
the finished heights and width as the due allowance for shrinking of the materials 
will admit of; and this allowance shall not exceed or fall short of the quantity 
deemed necessary by the Engineer. In all cases, this must be carefully and 
strictly attended to, in order to avoid the necessity of making any subsequent 
addition either to heights or the width of the embankment, to bring them to the 
proper level and dimensions. 

The surface of the Embankment shall be kept in such form, or be intersected 
by such drains, as will always prevent the formation of pools of water upon them, 
and insure the Embankment being kept as dry as possible. 

Whenever the material teemed over the end of the Embankment shall not 
fonn the proper slope, it shall be carefully trimmed to its required form ; and this 
operation must proceed at the same time with the end of the Embankment, so as 
to obviate the necessity of any future addition of material to the sides of the 
Embankment. 

As the Embankments advance and become consolidated, the slopes shall be 
carefully trimmed into planes, having the proper slope, and be neatly covered 
with an uniform substance of turf of not less than 8 inches in thickness, and laid 
with the greensward outwards. The turf must be taken from the ground to be 
occupied by the base of the Embankment, and cut square, so as to be laid on the 
slopes in the form of flags ; and where the land is arable, the slopes of the 
Embankments shall be covered with the soil. It must be uniformly laid on of 
the thickness of 6 inches, and sown with rye grass and clover seed as soon as the 
proper season will admit of its being done ; not less than one pound and a half of 
clover seed, and one pound and a half of rye grass seed, to be sown on each acre. 

When the material brought to the Embankment consists of large lumps, they 
shall be broken into pieces of not more than 6 inches in diameter. 
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EXCAVATIONS. 

The excavations in this Contract shall be 33 feet wide at the level of the Red 
line on the Section. Between Chalk Farm Lane and the private road from 
Paddington to Hampstead, the slopes shall have 3 feet base for every foot in height, 
and from the last mentioned place to the termination of the Contract, the slopes 
shall have two feet base for every foot in height. 

The slopes of the excavation shall be finished as the cutting advances, and be 
neatly and uniformly dressed to the specified inclination as near to the face of the 
cutting as possible. As soon as any part of the slopes are dressed to the proper 
inclination, they shall be covered with turf taken from the land to be occupied by 
the excavations, in the same manner as before directed in the Specifications of the 
Embankment ; and when turf cannot be obtained, the slopes must be covered with 
soil, and sown with rye grass, and clover seed, as before directed in the Specifications 
of the Embankment. 

Whenever and wherever springs, soaks, or streams of water may appear, and 
issue from the face of the slopes, the Contractor shall be bound to make and 
maintain, during the progress, and until the completion of the works, such drains 
or watercourses as shall completely and effectually prevent the said springs, soaks, 
or streams of water from injuring the slopes, and shall convey the whole of such 
water into proper drains, so that none shall be permitted to lodge in the excava- 
tion ; and where beds of sand, gravel, or other loose mould occur, the face of the 
slope must be protected from the injurious effects of such springs or streams of 
water by any other means that may be advisable or necessary. 

At the bottom of each slope a drain of an uniform depth below the rails, as 
shown in the Drawings, shall be made, and these drains must be continued on both 
sides under all the bridges which cross the Railway. A drain shall also be made at 
the top of each slope, so as to exclude from the excavations any water draining off 
or flowing from the land ; and all covered or open drains which may be intersected 
by the excavation, must be made to discharge their water into the ditch at the 
outside of the top of the slope, for which purpose the said ditch shall be made as 
deep, at least, as the bottom of the intersected drain, and the space between the 
outside drain and the slope shall be well puddled at the point of intersection. 
The Contractor shall also be compelled to open or make any new drain which the 
Engineer may deem necessary for the exclusion of any water from the Railway 
excavations. 
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In the formation of the Excavations and Embankments, the Contractor must 
provide, at his own expense, all the necessary rails, chairs, keys, pins, blocks, and 
sleepers, as well as waggons, barrows, planks, or other machinery, materials or 
utensils, which stipulation is, however, modified to a certain extent by the follow- 
ing conditions : 

It is not intended to deliver to the Contractor any of the permanent rails, 
chairs, keys, pins, blocks, or sleepers, until the completion of at least one con- 
tinuous mile of roadway, which distance must be certified by the Engineer as being 
ready for the reception of the Permanent Ballasting, in which case a sufficient 
number of rails, chairs, keys, pins, blocks, and sleepers, shall be delivered to the 
Contractor, who will be permitted to use tJiem in such a manner only as is herein- 
after described in the Specification of the Ballasting and laying the Permanent 
Way. 

FENCING AND DITCHING. 

The Fencing and Ditching described in the following Specifications is of two 
kinds : the first temporary, for the protection of the lands adjoining the Railway, 
during the progress and until the completion of the works ; the second permanent, 
for the inclosure of the Railway when finished. 

TEMPORARY FENCING. 

Immediately after the delivery of any portion of the site of the intended 
Railway into the possession of the Contractor, and previous to the commencement 
of the other works, the Temporary Fencing shall be completed, and shall include 
the whole area of land occupied by any of the works contained in the Contract. 
The temporary fencing shall consist of split oak posts, placed nine feet apart, and 
3^ feet high above the ground, morticed for the reception of 3 horizontal oak 
or larch rails, which are also to be supported by an intermediate stay or brick post 
firmly nailed to each of the rails. The whole of this fencing must be firmly and 
substantially fixed so as to exclude sheep, pigs, and all cattle from the excavations 
and other works, and effectually prevent the adjoining lands from trespass during 
the progress of the works. 

All drains or alterations, or deviations in existing drains or water-courses, 
necessary either for the exclusion of water from the cuttings, or for the prevention 
of damage to the adjoining property, or any other whatever, shall be made by the 
contractor at his own expense. 
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PERMANENT FENCING. 

The Permanent Fencing is of two kinds, as follows : — 
First, — Wood railing extending from Chalk Farm Lane to the Dep6t. This 
portion of the Fencing is to be made with oak posts constructed in the manner 
shown in the Drawing. The wood railing is to be placed on both sides of the 
Railway, on the edge of each slope, at the top of the embankment. The posts and 
rails shall be of good oak, free from sap, and straight grained. The rails, and so 
much of the posts as are seen above ground shall be sawn out square, and neatly 
planed to the proper dimensions. Each post shall have 4 mortices passing com- 
pletely through it, and shall stand 4 feet above the level of the rails. The posts 
are to be placed 6 ifeet apart, and^each rail shall be equal in length to two spaces, 
or 1 2 feet, passing through every alternate post. The ends of the rails must be 
fitted exactly into the mortices of the posts, and secured with small oak trenails. 
The bottom of every post shall be well charred before fixing in the ground ; all 
the joints must be made with white lead, and the whole of the wood above the 
ground painted with two coats of stone-coloured paint. At the bottom of the 
slopes of the embankment, a ditch shall be made, as shown in Drawing, for the 
purpose of carrying off the water draining from the slopes, which must be con- 
tinued to the nearest drain by which the drainage of the adjoining fields is at 
present effected. 

The whole of the Fencing must be made at such times as may be directed by 
the Company's Engineer. 

Second, — Brick Walls, extending from Chalk Farm Lane to the beginning of 
Primrose Hill Tunnel, and from the other end of the same Tunnel to the Bridge 
under the London and Edgware Road at Kilbum. 

This fencing shall consist of brick walls at the bottom of the Cuttings on 
each side of the Railway, 26 feet apart, equi-distant from the centre of the Railway, 
and running parallel to the rails. The wall shall be made of the same dimensions 
and form shown in the Drawing. The height, exclusive of the coping, shall be 
3 feet above the upper surface of the rails. 

The footings shall be carried at least 1 foot below the bottom of the ditch : 
and if the ditches shall have been made deeper than directed, then the footings 
shall be carried as much lower as the Engineer may deem necessary, and this 
additional depth shall be made by the Contractor at his own expense. Holes, as 
represented in the Drawing, must be left in the bottom of each wall to allow the 
water to drain freely from the ballast of Railway. The walls are to be finished 
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with a stone coping of Bramley Hall or Derbyshire stone, 6 inches in thickness, 
and projecting 1 inch beyond each side of the walls. The brickwork is to be 
built with good sound and well burnt grey stocks, laid in good mortar, made with 
Merstham or Dorking lime, and clean sharp sand, in the proportion of three 
measures of sand to one of lime. The lime is to be slaked and screened with the 
sand, both in a dry state, and well tempered with water afterwards. The brick- 
work is to be flushed in solid, with mortar laid with a neat close joint, and no joint 
of mortar to exceed one-quarter of an inch in thickness. The outside joints are 
to be neatly drawn . 

The drains or ditches between the walls and the bottom of the adjoining 
slopes must be made as shown in Drawing, and kept open until the whole of the 
works are completed. Quick fencing and ditching, extending from the bridge 
under the Edgware Road and London Road to the River Brent, excepting the space 
occupied by the Tunnel under the London and Harrow Road, near Kensal Green. 
This part of the fencing is to be placed within the limits of fifteen feet from the 
termination of the slopes. A ditch of 6 feet wide at the top, 2 feet wide at the 
bottom, and 2 feet deep, shall be made on the higher side of the ground to be 
occupied by the Railway, and a ditch of 3 feet wide at the top, 1 foot wide 
at the bottom, and one foot deep, on the lower side of the ground. The outside 
of the ditch must be 5 feet distant from the boundary of the land occupied by the 
Railway, and if the last mentioned ditch shall be deemed insufficient in any par- 
ticular case, the larger sized ditch shall be made instead. The material excavated 
from the ditch shall be used to form a mound, both sides of which shall be neatly 
faced with turf. When the material excavated from the ditch shall be more in 
quantity than sufficient to form the mound, the surplus must be conveyed to the 
nearest embankment. The best portion of the vegetable soil excavated from the 
ditch shall be placed in the middle of the mound, on which a double row of good 
3-year quicks, 2 years transplanted, shall be planted, and not less than 24 quick- 
sets shall be contained in one lineal yard. On the inner edge of the ditch, oak 
posts and rails must be placed to protect the quicks. The posts are to be of split oak, 
7 feet in length, and equal at least to 5 inches by 3^ inches in sectional area; they 
are to be placed at a distance of 9 feet from centre to centre, and to stand 3^ feet 
above the top of the quick ground. Each post is to have 3 mortices for the 
reception of the ends of the rails, to be made of split oak, and to be as nearly of 
a uniform size as possible. The horizontal rails, three in number, between each 
pair of posts are to be of split oak or larch, equal to 3^ inchas, by 1 ^ inch in 
sectional area, and 10 feet in length, and the ends are to be scarfed so as to fill 
the mortices of the posts. Midway between the posts, an oak or larch stay, 5 
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feet long, 3 inches wide, and 1^ inch thick, is to be firmly nailed to each of 
three horizontal rails with good tenpennj nails. 

The posts must be firmly fixed in the ground, the ends of the rails driven 
firmly into the mortices of the posts, and a piece of new hoop iron, 1 J inch wide, 
shall be nailed round the top of every post to prevent its splitting. The fencing 
shall be made with as few bendings as the nature of the ground will admit of, 
and the ditch alongside of the mound, shall descend as uniformly as possible to the 
nearest main drain, or water-course, by which the drainage of the adjoining lands 
is at present effected. 

The permanent fencing shall proceed as rapidly as the progress of the other 
works, and the nature of the season will admit of. Such parts of the temporary 
fencing as can be made available, shall be permiljted to be used in the permanent 
fencing, provided the material be of the requisite strength and quality, and unin- 
jured in other respects by its previous use. At the bottom of the embankments, 
small draining tiles shall be laid through the quick mound, at intervals of not more 
than 100 yards, in order to convey the water draining from the slopes into the 
fence ditches. 

Such parts of the permanent fencing as shall have been completed before the 
finishing of the other parts of the work, shall be kept in complete order by the 
Contractor. The quicks shall be cleaned or weeded twice, at least, a year, and 
any broken rails, or posts, or stays replaced by new ones, equal in quality to those 
originally used. All the quicksets which may not take root and grow, must be 
pulled up and 3-year old living quicksets, similar to those before described, planted 
in their stead. 

PRIMROSE HILL TUNNEL. 
Plates 15 and 16 describe the Method of Working the Tunnel. 

SPECIFICATION. 

These Plates show the successive stages in the construction of the tunnel 
from the commencement of the working shaft to the brick arching. A tunnel is 
commenced by trial shafts^ which follow the borings ; and other shafts, called air 
shafts^ are also constructed, to ventilate the tunnel works. The workmen, with 
their tools and materials, descend, and the soil excavated is conveyed to the sur- 
face of the ground by the working shafts. 

Upon the shafts being carried down to the level of the top of the tunnel, a 
small square horizontal boring, termed a heading or driftway^ is generally exca- 
vated in the line of the intended tunnel about 10 or 12 feet long, 3 or 4 feet 
wide, and of nearly the same height, and sufficient to afford the miners room to 
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use their tools. The excavation is required to be a little larger than the bore of 
the tunnel, in order to allow space for the necessary shorings, bars, and pollings 
to support the several faces of the work while the centering is being brought for- 
ward ; due allowance is also required to be made for the settling of the pollings, 
and which always occurs. The top face of the heading serves as a guide to the 
miners, and represents the upper surface of the excavation. Upon the brickwork 
being sufficiently advanced, the bars and pollings are withdrawn, and the timber 
centering moved on a stage ; the excavation then proceeds as before. The back 
of the arch must always be filled up solid with brick, packing, or some other hard 
materials ; and if any of the bars cannot be drawn out readily, they are bricked 
in. The miners should never be more than 6 or 8 feet in advance of the brick- 
layers, in order to guard against accidents from any subsidence of the earth. 
The heading is sometimes continued from shaft to shaft ; and upon the works of 
two contiguous shafts approaching near each other, a heading should always pre- 
cede the main excavation. 

It was found necessary to execute this tunnel in 3 bricks laid in cement, instead 
of 2, as originally intended. 

This tunnel commences in the Eaton College Estate, 550 yards from* Chalk 
Farm Lane, and terminates near the Road leading from Saint John's Wood to 
Finchley. The length is equal to 50 and l-5th statute chains; the other 
dimensions, situation, and construction of the several parts, are minutely described 
on the Plan and Section of the Line and Drawings. 

The area of ground on the top of the tunnel to which the Contractor must 
confine his operations on the surface, is one statute chain wide for the whole length 
of the tunnel, which must be fenced off on both sides with temporary fencing. 

All the General Stipulations in the Specification, respecting the extension of 
land, &c., must be considered applicable to this part of the Contract, where no 
special directions are given. 

The tunnel is to be made with a circular brick arch and curved side walls, 
resting on stone footings or skew backs, the whole being supported by a brick in- 
vert or counter arch. The ends will be made with curved brick walls, as shown 
in the Drawings. 

A cast-iron plate is to be let into the arch near the end, and connected by bolts 
to another plate built into the arch, 100 feet distant from the first.* 

* Vide Plate 17, which represents the details of iron plates for tunnel fronts. In the Prim* 
rose Hill Tunnel, which was executed in 3 bricks in cement, the front plate was placed in the 
centre of the wall with connecting rods 100 feet in length, to another fixed in the arching, but the 
method shown in the above is considered to be an improvement. 
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MATEKIALS. 

The whole of the bricks used in the construction of the tunnel, shafts, and 
end, shall be sound, good, hard, well burnt grey stocks; the freestone used 
shall be Bramley Hall, or other stone equally good, perfectly sound and free 
from flaws. 

The Cast iron, and Wrought iron, must be of the best quality, and subject 
to any examination the Engineer may deem necessary. The mortar used in the 
tunnel shall be made from the fresh-burnt Merstham lime, or other lime, which the 
Engineer may deem equally good ; it shall be ground in its dry and unslaked state, 
under hedge-stones. The sand must be sharp, clean sand, and shall be mixed 
with the lime in the proportion of 3 of sand, to 1 of lime. 

The lime and sand must be intimately mixed and worked with a proper quantity 
of water in a pug-mill as required for use. 

The Contractor shall sink 4 shafts, and no more, on the centre line of the 
tunnel, at convenient distances; they shall be 8 feet in diameter within the brick- 
work, which shall be of 1 brick in length; each shaft shall be of the same 
diameter from the top to the bottom, perfectly cylindrical, free from bulges and 
other distortions ; the brickwork shall be laid in 2 half brick rings, with the 
joints properly broken, and flushed in solid with mortar. The bricks must be 
moulded to fit the circumference of the shaft ; where each intersects the top of the 
arch of the tunnel, a cast-iron curb or ring, of the same diameter as the shaft, 
shall be inserted in the brickwork of the arch, and upon it the shaft must be 
built. No wood curbs will be permitted to be built in the brickwork of the 

shafts. 

Where any water may occur in sinking, it must be completely excluded from the 
shafts or tunnel by a lining or puddle behind the brickwork of the shafts, or by 
Jaying the brickwork in Roman cement, or by the adoption of any other means 
the Engineer may judge expedient or necessary. 

The arch and side walls are to be 2 bricks thick, the invert one brick and 
a half thick, throughout the whole length of the tunnel, except in cases where the 
material, through which the tunnel will pass, may, in the opinion of the Engineer, 
require either a greater or less thickness of brickwork in the arch, side walls, or 

invert. 

In all such cases, the Contractor shall make the brickwork of such thickness 
as the Engineer may direct, the Contractor being paid for any increase in the 
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quantity of brickwork or excavation, and making any allowance to the Company 
for any decrease at the rate stated in the Schedule. 

The invert or counter-arch, of whatever thickness it may be, shall be carefully 
laid and bonded; the side walls shall be laid in English bond ; the arch, if one brick 
and a half thick, shall be built in 3 several half brick rings; if 2 bricks, in 
4 half brick rings; and so on, each ring containing 5 courses of bricks more 
than the inner one immediately preceding it. The footings, or skew-backs of the 
side walls, shall be made of Bramley Hall Stone, of the sectional form shown in 
the enlarged Drawing, and in lengths of not less than 3 feet ; they shall have 
a bed of brickwork extending from the inverted arch as shown in the Drawing. 
The skewback must be carefully bedded in the brickwork in its proper 
position. 

The mortar in which the brickwork is set, shall be as little in quantity, and as 
uniform in thickness between the joints, as is consistent with making the arch, 
side- walls, and invert, firm and solid throughout. The horizontal courses must be 
kept perfectly straight in the direction of the tunnel, and parallel with the surface 
of the rails. 

Should, at any time, the regular continuity of the arch or side walls be 
destroyed, either from the irregular shrinking of the arch, or imperfect fixing of 
the centres or any other cause whatever, the Contractor must remove and amend 
the irregularities in a satisfactory manner. 

Wherever water may occur and flow into the tunnel, and it shall be deemed 
expedient by the Engineer to lay any part of the brickwork in Roman cement, 
the Contractor shall be paid for so doing such an additional sum per rod of 306 
cubic feet, as may be stated in the Schedule of Prices. 

EXCAVATIONS. 

The Contractor shall be at liberty to make an open cutting at each end of 
the tunnel, not exceeding 20 yards in length, nor wider than the outside of the 
brickwork of the tunnel. The sides of the excavation shall be supported and 
kept open by suitable timber, in such a manner as to prevent slipping, until the 
whole of the brickwork is completed in that length. The open space shall then 
be filled up to the original surface by layers of clay of not more than 1 foot thick- 
ness, each of which shall be carefully punned, before laying on the succeeding 
layer. The soil of turf must be laid aside before making the excavation, and 
neatly replaced when filled up. The excavation shall then proceed in tlie usual 
way under the surface. 
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In no case shall the excavation be carried more than 6 feet in advance of 
the brickwork, and should any deterioration or change in the strata occur, which 
may appear to the Engineer to require this distance to be reduced, the Contractor 
shall regulate this distance by the direction of the Engineer. 

In making the excavations, great care must be taken that they do not in any 
way exceed the area necessary for the reception of the brickwork, and the vacant 
space, if any, between the sides or roof of the excavation and brickwork shall be 
filled with clay, and rammed in solid with proper beaters, so as to avoid any dis- 
tortion in the form of the tunnel from irregular pressure. 

The foundation for the reception of the invert or counter-arch shall be cut 
out to the exact form and depth required, before any part of the brickwork is laid, 
and should any unavoidable irregularity be found to exist, it must be made up with 
dry clay or clean gravel, firmly rammed by beaters. 

The whole of the material excavated, excepting that required to back the 
arch, whether taken from the shaft or either end, shall be conveyed into the pro- 
posed dep6t, and disposed of in the same way as the excavation, marked No. 1 in 
the Section. No material shall be taken out of the end near St. John's Wood 
Road, unless specially directed by the Engineer. 

In the execution of this part of his Contract, the Contractor shall provide 
all the necessary materials and machinery for executing the same ; make all the 
necessary shafts, bore-holes, and perform every operation necessary for completing 
the work in the manner intended by the Specifications; all the machinery, 
centering, &c., must be constructed in such manner as the Engineer may approve. 
All air shafts which it may be necessary to make, shall be made in the same 
manner as the larger shafts, and stand upon cast iron curbs of proportionate 
shapes and dimensions. 

Any drainage to the land by the falling of the surface during the execution 
of the work, shall be paid for by the Contractor. 

Marks or signals will be, from time to time given to the Contractor by the 
Company's Engineers, for the purpose of regulating the direction and level of the 
tunnel, and the Contractor shall be at the expense of erecting any temporary or 
permanent marks or signals which may be considered necessary for giving the 
direction and levels with the required accuracy. 

Whenever the faces of the excavations between two adjoining shafts, or shaft 
and end, shall have approached within fifty yards of each other, the Contractor shall 
drive a heading from the one to the other. 

The slopes of the land over the ends of the tunnel are to be made at the 
same inclination as the side of the excavation adjoiiiing. A ditch must be cut 
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round the top, similar to that of the adjoining slopes, and joined thereto. The 
slope must be made with puddle 4 feet in depth at the base, and carried in at same 
level 12 feet, and made up to the surface. 

A cast-iron drain, as shown in Drawing, is to be laid in the bottom of the 
tunnel, midway between the two Railways, and through the whole length of the 
tunnel. The connexions of the several pieces must be properly and accurately 
made, and the drain must communicate with the side drains of the excavation by 
two cast-iron side branches at each end. 



BRIDGE OVER THE RAILWAY AT THE CROSSING OF PRIVATE 
ROAD FROM PADDINGTON TO HAMPSTEAD. 

The road above mentioned crosses the Railway at a point where the excava- 
tion is about 4 feet in depth, requiring the road to be raised to the height of 22^ 
feet above the level of the Railway. 

The footings of the abutments will be made 18 inches below the level of the 
red line in the Section, and each abutment will be strengthened by a counterfort 
placed at the back. 

The arch will be an ellipse, having above it a projecting band of brickwork, 
surmounted by a stone string-course; upon this will be placed the parapet wall, 
with a brick plinth and surmounted by a. stone coping. 

The wing walls extend into the embankments of the approaches, and their 
foundations must be made, at least, as low as is shown in the Drawings. 

ABUTMENTS. 

The form and dimensions of the abutments are shown at A A A A, Figures 
1, 2, 3, and 4; their faces will be perpendicular, their thickness being diminished 
from the bottom to the top by half-brick offsets at the back. The abutments 
must be built in a solid and substantial manner. 



COUNTERFORTS. 

« 

The Counterforts must be built in the situation, and of the form and 
dimensions shown at B B in the Drawings. The courses shall be laid ns shown 
at right angles to the drift of the arch ; they must be built in a solid manner, 
properly bonded into the substance of the abutments. 
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ARCH. 

The arch will be of an elliptical form, as shown at C C; it must be 
altogether constructed of whole bricks, laid in such manner as the Engineer may 
direct. 

As many courses as shall be included in 4 feet on each side of the top of the 
arch, shall be laid in the best Roman cement, and with straight picked bricks. 

The remainder of the arch shall be laid in mortar with a close joint, and the 
soffit of the arch neatly pointed after the removal of the centres. 

The bricks in the face of the arch shall be rubbed on their faces, and neatly 
pointed ; great care must be taken in the proper summering of the bricks in the 
arch, and any irregularity of form from imperfections in the laggings or centre, 
shall be removed and amended by the Contractor. 

BACKING. 

The brickwork forming the Backing D D of the arch, shall be laid in a solid 
and substantial manner, each brick properly breaking joint with the next, in the 
same manner as the outside work. 

WING WALLS. 

The Wing Walls, E E, are to be built of the form and dimensions shown in 
the Drawing; battering both on the outside and inside, and the courses to be 
properly bonded with the abutments. 

SPANDREL WALLS. 

The Spandrel Walls, F F, are to be of the form and dimensions shown in the 
Drawing ; to be well bonded with the backing, and the bricks neatly cut to fit the 
curve of the arch. 

PARAPETS. 

The Parapet walls, G G, are to be of the lengths and dimensions shown in 
the Drawing; the courses are to be run straight the whole length, and the sides 
of walls to be parallel and fair. 

F 
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STRING COURSE. 

A stone String Course, as shown in the Drawing, shall extend the whole dis- 
tance between the outsides of the two abutments. The String Course on the 
walls, shall be of brick laid in Roman cement, and the upper arises of the bricks 
rubbed off. 

COPING. 

The Coping, H H, is to be of stone, of the form shown in the Drawing. No 
stone shall be less than 3 feet in length. The Coping shall run the whole length 
of the parapet wall, and be laid perfectly straight. The stones shall be dowelled 
together with iron dowels fixed with lead. All the faces of the copings and String 
Course are to be fair bored, and, if required, rubbed in their front faces. 

The spaces between the brickwork and side excavation for containing it, shall 
be filled up with clay as the work advances, and firmly rammed in with proper 
beaters. 

The space between the wing walls shall be filled to its proper height, and clay 
lain in layers of 1 foot in thickness, and each layer well punned before adding the 
succeeding one, the whole of the clay shall be filled in up to the surface before re- 
moving the centres. 

MATERIALS. 

Bricks. — The bricks are to be hard, sound, and well-burnt grey-stocks, of 
uniform size and colour for the fronts. 

Mortar. — The mortar shall be made from the fresh-burnt Merstham or 
Dorking lime, and clean sharp sand, screened together, both in a dry state, in the 
proportion of one measure of lime to three of sand. They must be intimately 
mixed, and well tempered with a proper quantity of water. 

Ro^iAN Cement. — Where directed to be used, shall be of the best quality, 
recently made, mixed with an equal quantity of sand, and only mixed when re- 
quired for use. 

Stone. — The stone shall be good Bramley Fall, or other similar stone, equally 
good, free from flaws and iron shot. 

General Clause. — The walls &c. shall be laid either in Flemish or English 
bond, as the Engineer may direct, and in no case shall any point of mortar exceed 
one quarter of an inch in thickness. No broken bricks will be permitted to be 



43 

used, either externally or internally, unless absolutely necessary as closers, nor 
shall any difference be made in the goodness of the workmanship of the interior or 
exterior of the work. 

The whole of the brickwork shall be well grouted at every course. The 
parapets and string-courses shall not be made until after the removal of the centres. 

All the centering must be such as shall be approved of by the Engineer, 
and in no case shall the centres be struck before his permission has been obtained. 

EXTRA, OR CONTINGENT WORKS. 

Fence Gates. — The Fence Gates are to be made of the form and dimensions 
shown in the Drawing. The heels and heads are to be of good oak sawn out to 
the proper dimensions, and morticed for the reception of the horizontal bars. 

The horizontal bars are to be five in number, of cleft oak, and smoothed 
over. The ends must fit the mortices of the heels and heads, and be secured bv 
oak pins. The diagonal braces are similar to the bars, and to be firmly nailed to 
the bars ; the nails to pass through both, and their points clenched. 

The posts to be of oak, the top sawn to the dimensions and form, with a 
small cap on each; the bottom of the posts must be charred. The gate irons 
shall be of the form shown, and shall not weigh less than fourteen pounds per set. 
The gates must be firmly fixed in the line of the quicksets, and the wood railing 
neatly joined to the gate-posts. The gates and posts must be painted with two 
coats of white or stone-coloured paint. 

EXCAVATIONS AND EMBANKMENTS OF SLOPED OCCUPATION 

ROADS. 

These Excavations and Embankments are to be made in the same manner as 
those on the line of Railway, and with such slopes as may be directed. The con- 
tents of the excavation shall be conveyed to the nearest embankment or spoil 
bank. The embankments are to be made from the surplus materials in the exca- 
vations ; when made to form the approaches to a bridge, they must be carefully 
punned in between the wing walls. 

METALLING OCCUPATION BRIDGES. 

This is to be done in the same manner as described in the Specification of 
the approaches to Bridges 

F 2 
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PAVING CROSSINGS. 

All the roads crossing the Kailway without bridges are to be paved in the 
manner shown in Drawing, with good 6 or 7-inch paving of Aberdeen, or other 
granite equally good. The Paving must be laid on a bed of fine clean gravel of 
12 inches in thickness, in a solid and substantial manner. The paving stones 
must be cubes as nearly as possible. Each rail must be protected by two iron 
bars, as shown in the Drawing; they will be considered part of the rails, and 
provided by the Company. 

OCCUPATION BRIDGES. 

These Bridges will be similar in form and construction to the bridge at the 
crossing of the private road from Paddington to Hampstead. The same direc- 
tions will apply to the workmanship and material in both. 

CULVERTS. 

The Culverts are to be built in the same manner as those previously 
described in the former part of the Specification ; they are to be built of the 
forms and dimensions shown in Drawing, the sizes being selected to suit the par- 
ticular situation. 

LAYING AND BALLASTING PERMANENT SIDINGS. 

The Sidings are to be laid in such positions and of such lengths as may be 
directed by the Engineer. They must be laid in the form and manner shown in 
the Drawing. The Contractor will be required to take up any part of the rails 
already laid that may be found necessary; to cut them into proper lengths for 
the reception of other iron work, to relay them, and to fix all the necessary cross- 
ing plates, check rails, moveable points, or sliding rails, with the requisite 
machinery for moving them. 

The whole must be made equally as firm and substantial as the other parts 
of the permanent way. * 

The Specification of the Permanent Ballasting already described must be 
considered equally applicable to the construction of the Sidings. 
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CONTBACT No. 5, B. 

Specification of the several Works to be perfori^ed in making and completing a 
part of the said Railway, commencing at a point marked A on the Section, and 
corresponding with a pole on Boxmoor, 16 chains south of the Grand Junction 
Canal, in the parish of Hemel Hempstead, in the county of Hertford, and ex- 
tending to a point marked B on the Section, 25 chains North of the road leading 
from Northchurch to Little Gaddesden and Ashridge, in the parish of Berkhamp- 
stead in the said county. 

EXTENT OF CONTRACT, AND GENERAL STIPULATIONS. 

This Contract is to include the formation and completion of so much of the 
Railway as shall be included in the limits mentioned above, being a distance of 
about 360 chains. 

It comprehends the following Works : 

The making of the Temporary Fences necessary during the progress of the 
works. 

The making of the Permanent Fences. 

The formation of the whole of the Excavations and Embankments represented 
on the Section of the Line Drawing No. 2. 
The erection of the following Bridges : 

The Bridge at the crossing of the Grand Junction Canal. 

Ditto at the crossing of the road from Bourne End to Pouching End, 

(Vide Plate 18.) 
Ditto at the crossing of the road from Baxter's End, (Vide Plate 19.) 
Ditto at the crossing of the road from Great Gaddesden to Berkharap- 

stead, (Vide Plate 20.) 
Ditto at the crossing of another road from Great Gaddesden to Berk- 

hampstead. 
Ditto at the crossing of the road from Berkhampstead to Berkhampstead 
Place, (Vide Plate 40.) 
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The making, metalling, and completing the Approaches to each of the fore- 
going bridges. 

The making a Paved Crossing for the road from Berkhampstead Common, 
and completing the approaches to the same. 

The Diversion of such Roads as may be required, and are shown on drawings, 
with the metalling and completing the same. 

The building a Retaining Wall opposite Berkhampstead Castle. 

The making and completing the Tunnel called Northchurch Tunnel, (Vide 
PJates 27, 28, 29, and 30.) 

The formation of side drains in the excavations on each side of the railway. 

The laying, ballasting, and drainage of the Permanent Way, including the 
providing of all Timber, bricks, lime, stone, or other materials necessary for the 
completion of the works. The iron rails, chairs, keys, pins, trenails, blocks, and 
sleepers for the purpose, being provided by the Company, under conditions herein- 
after described, (Vide Plate 1.) 

The doing of all other works mentioned or described in the accompanying 
drawings or specifications. 



Also^ the execution of the following 

EXTRA WORKS. 

The erection of Gates. 

The excavation and embanking of approaches to occupation bridges, perma- 
nent sidings, stations, and tool recesses. 

The metalling of occupation roads. 

The paving of occupation roads crossing railway on a level. 

The building of Occupation Roads and Culverts. 

The laying and ballasting Permanent Sidings, and the formation of Tool 
recesses. 

The above works must be executed at the places where they may be required, 
and the Contractor will be paid for them according to the schedule of prices for 
extra works set out in the tender. 

The preceding enumerated works and mode of execution are described at 
length in the specification of each particular work, and their forms and dimensions 
are represented in the accompanying drawings, which are referred to in each spe- 
cification. But should any discrepancies exist between the schedule attached and 
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the written dimensions, or between the drawings and specification, or any ambiguity 
in them, the same shall be referred to the Engineer, whose decision shall be 
decisive ; also anything contained in either the drawings or the specification, shall 
be equally binding to the Contractor as if it were contained in both. The written 
dimensions upon the drawings are to be taken in all cases in preference to the scale 
attached. 

FENCING AND DITCHING. 

The fencing described in the following Specification is of two kinds. Tlie 
first Temporary, and for the prevention of trespass upon the lands adjoining the 
railway, during the progress, and until the completion of the works ; the second, 
Permanent, for the enclosure of the railway when finished. 

TEMPORARY FENCING. 

Immediately after the delivery of any portion of the site of the intended 
Railway into possession of the Contractor, and previous to the commencement of 
the works, the Temporary Fencing shall be completed, and shall include the whole 
area of the land to be occupied by any of the works contained in or connected 
with this contract. 

The Temporary Fencing shall consist of split oak Posts, placed 9 feet asunder, 
and 3 feet 6 inches high above the surface of the ground, morticed to receive 3 
horizontal oak or larch Rails, which are also to be supported by an intermediate 
Stay, or prick post, firmly nailed to each of the rails. 

The whole of this fencing must be firmly and substantially fixed so as to ex- 
clude sheep and all cattle from the excavations and other works, and effectually 
protect the adjoining lands from trespass, at all times during the progress of the 
works. All Drains, or alterations, or deviations in existing drains or watercourses 
which may be necessary for the exclusion of water from the excavations, or for 
the prevention of damage to the adjoining property, or any other whatever, shall 
be made by the Contractor, at his own expense. 

PERMANENT FENCING. 

The Permanent Fencing is of one description only, and as follows : — Quick 
fencing and ditching extending throughout the whole length of this Contract on 
each side of the railway, excepting the space occupied by the various bridges and 
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crossings of roads. This fencing is to be placed within the limits of 15 feet from 
the terminating slopes of the excavations and embankments. A Ditch of 6 feet 
wide at top, 2 feet wide at bottom, and 2 feet deep, shall be made on the higher 
side of the ground to be occupied by the railway. And a Ditch of 3 feet wide at top, 
1 foot wide at the bottom, and 1 foot deep on the lower side of the ground. The 
outside of the Ditch must be 5 feet distant from the Boundary of the Land 
occupied by the Railway ; and if the last-mentioned ditch shall be deemed insuffi- 
cient in any particular case, the larger-sized ditch shall be made instead. The 
Material excavated from the ditch shall be used to form a mound on the space be- 
tween the edge of the ditch and the Railway slope, both sides of which must be 
neatly faced with Turf. When the Material excavated from the ditch shall be 
more in quantity than sufficient to form the mound, the surplus must be conveyed 
to the nearest embankment. The best portion of the Vegetable Soil excavated 
from the ditch shall be placed in the middle of the mound, on which a double row 
of good 3 years old Quicks, 2 years transplanted, shall be planted, and not less 
than 12 Quicksets shall be contained in 1 lineal Yard. 

On the inner edge of the ditch. Oak Posts and Rails must be fixed to protect 
the quicks. The Posts are to be of split Oak, 7 feet in length, and equal in a 
sectional area to a scantling of 5 inches by 3^ inches at least. They are to be 
placed at a distance of 9 feet from centre to centre, and to stand 3 feet 6 inches 
above the top of the quick mound ; each post is to have three mortices completely 
through it, for the reception of the ends of the rails, and to be as nearly of 
uniform size as possible. The horizontal Rails, two in number between each pair 
of posts, are to be of split Oak or Larch, equal in a sectional area to a scantling 
of 3j^ inches by 1^ inches. They are to be 10 feet in length, and the ends to be 
scarfed so as to fill the mortices of the posts. Midway between the Posts, an oak 
or larch Stay, 5 feet long, 2 inches wide, and 2 inches thick, is to be firmly nailed 
to each of the three horizontal rails with good tenpenny nails. The Posts must 
be firmly fixed in the ground, and the ends of the Rails firmly driven into the 
mortices in the posts, a piece of new iron hoop, IJ inch wide and 1-1 6th of an 
inch thick, shall be nailed round the top of every post, to prevent its splitting. 

The Fencing shall be made with as few bondings as the nature of the ground 
will admit of, and the Ditch along the side of the mound shall descend as uniformly 
as possible t6 the nearest main drain or watercourse, by which the drainage of the 
adjoining lands may be effected. Such parts of the Temporary Fencing as can be 
made available shall be permitted to be used in the construction of the Permanent 
Fencing, provided the material be of the requisite strength and quality, and 
uninjured by previous use. 
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The erection of the Permanent Fencing shall proceed as rapidly as the pro- 
gress of the other works and the nature of the season will admit of. At the 
bottom of the Embankment, small Draining Tiles must be laid through the quick 
mound, at intervals of not more than 20 yards, for the purpose of bringing all the 
water draining from the slopes of the Embankment into the fence Ditches. 

Such parts of the Permanent Fencing as may be erected before the com- 
pletion of the other works, shall be kept in complete order by the Contractor. 
The Quicksets shall be cleaned and weeded at least twice a year, and all brol^en 
posts, rails, or stays, replaced by new ones, equal in quality to those originally 
used. All the Quicksets which may not grow or take root must be pulled, and 
three-years old living quicksets, similar to those described, planted in their 
places. 

EXCAVATIONS AND EMBANKMENTS. 

The part coloured Red on the Plan, Drawing No. 2, shows the direction of 
the Railway, and the area of the land which will be purchased by the Railway 
Company, and upon which the Contractor shall have full permission to erect any 
temporary houses, offices, &c., necessary during the execution of the works, or any 
machinery for excavating or embanking, provided that such erection shall not be 
specially prohibited by the Act of Parliament for making the Railway. 

The Embankments are coloured Green, and the Excavations Red, on the 
Section, Drawing No. 1. The black line on the section describes the top of the 
embankments, and the bottom of the Excavations, previous to the laying of 
the permanent way. The black undulating line describes the present Natural 
Surface of the ground along the centre line of the Railway, and shows the heights 
of the embankments and depths of the excavations, from which data their con- 
tents have been calculated, on the supposition " that the Area of any cross section 
in side long ground does not diffisr from the Area of a Section on level ground." 
The level and other admeasurements from which the section is made, are believed 
to be accurate, but the Contractor must verify the results, as he will be held liable 
to the consequences of any errors. Plans and Sections of an excavation and an 
embankment, with drains and fence, are shown on Drawing No. 19. 

EMBANKMENTS. 

The whole of the Embankments in the contract are to be made at a Slope of 
two to one, that is to say, when the base of the slope is 2 feet, its height shall be 
1 foot, and the widths of the Embankment at the level of the Red line upon the 

G 



50 

Section is to be 33 feet when turfed or soiled, neither more nor less. Each 
Embankment shall be carried forward uniformly, as nearly at the finished height 
and width as the due allowance for shrinking of material will admit of, and this 
allowance shall not exceed or fall short of the quantity deemed necessary from 
time to time by the Engineer. In all cases this must be carefully and strictly 
attended to, in order to avoid the necessity of making any subsequent addition 
either to the heights or widths of the embankments, to bring them to their proper 
leyel and dimensions. 

The surface of the Embankment shall be kept in such form, or shall be inter- 
sected by such Drains or channels, as will always effectually prevent the formation 
of pools of water on them, and insure the embankments being kept as dry as 
possible during the progress of their formation. Whenever the Material turned 
over the end of the embankment shall not form the proper slope, it shall be care- 
fully trinmied to its required form ; and this operation shall be proceeded with at 
the same rate as the formation of the embankment. 

As the Embankments advance and become consolidated, their sides shall be 
carefully trimmed into planes, or faces having the proper slope specified on the 
section, and the face of the slopes are then to be neatly covered with Turfs of 
grass, not less than 8 inches in thickness, laid with the greensward outwards. 
The turf must be taken from the ground to be occupied by the base of the 
embankments, and where the land is arable, the soil must be carefully removed 
from the base of the embankment, and afterwards uniformly distributed over the 
slopes not less than 6 inches in thickness. The Slopes which are to be thus 
covered with Soil or vegetable mould, are to be sown with rye-grass and clover- 
seed, mixed in equal quantities, and not less than 3 lbs. of the mixed Seed per 
acre is to be sown and equally distributed on them, as soon as the season will 
admit of its being properly done. When, amongst the material which is brought 
to and shot over the ends of the embankments, there shall be large lumps, they 
must, if more than 6 inches in diameter, be broken to pieces. 

EXCAVATIONS. 

The whole of the Excavations in this Contract must be 33 feet wide at the 
level of the Red line upon the Section when turfed or soiled, neither more nor less. 
The Slopes will be one and a half to one, that is to say, 1 foot 6 inches horizontal 
base to every foot of vertical height, excepting in the excavation marked No. 36 
on the Section, and for a distance of 20 chains southward of Northchurch tunnel 
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in excavations marked No. 36, where the Slopes will be three quarters to one — that 
is, 9 inches horizontal base to every foot vertical height. 

The Slopes of the Excavations shall be finished as the cutting advances, and 
they shall be neatly and uniformly trimmed or dressed to the specified inclination, 
as near to the face of the cutting as possible ; and immediately after any part of 
the Slopes shall have been dressed to the proper inclination, they shall be covered 
with Turfs which have been previously taken from the land so excavated, in the 
same manner hereinbefore specified for the embankments ; and where the excava- 
tions occur in such parts as are not grass land, the slopes are to be covered with 
Soil or vegetable mould previously procured from the site of the said excavation, 
and sown with rye-grass and clover-seed, as hereinbefore specified for the embank- 
ment. 

In the formations of the Excavations and Embankments in this contract, the 
Contractor shall not remove the turf or soil from the ground for a greater distance 
than one statute Chain in advance of the face of the excavations or embankments, 
and that which has been cut must be removed back to a point where the slope is 
ready for receiving it, and laid down as previously directed, with as little delay as 
possible. Whenever and wherever springs, soaks, or streams of water may appear 
and issue from the face of the slopes, the Contractor shall be bound to make and 
maintain during the progress and until the completion of the works, such Drains 
or water-courses as shall completely and efiectually prevent the said springs, soaks, 
or streams of water from injuring the Slopes, and shall convey the whole of such 
water into proper drains, so that none shall be permitted to lodge in the excava- 
tions ; and when beds of sand and other loose material occur, the face of the slopes 
must be protected from the injurious efiects of such springs or streams of water 
by such other means as may be deemed advisable or necessary by the Engineer. 
At the bottom of each slope, a Drain of uniform depth below the rails, as shown 
on Drawing No. 19, shall be made; and these Drains must be continued on both 
sides under the Bridges which cross the Railway ; and a Drain shall be made at the 
top of each slope so as to exclude from the excavations any water draining ofi* or 
flowing from the adjoining lands; and all covered or open Drains which may be 
intersected by the Excavations, must be made to discharge their water into the 
Ditch outside at the top of the slope, for which purpose the said Ditch shall be 
made as deep at least as the bottom of the lowest intersected Drains, and the 
Space between the ditch and the top of the slope of excavation shall be well 
puddled at the place of intersection. The Contractor shall be compelled to open 
or make any new Drain which the Engineer may deem necessary for the exclusion 
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of any water from the Railway excavation, or in the formation of any of the 
excavations or embankments. The Contractor must provide, at his own expense, 
all the Eails, chairs, keys, and pins, blocks and sleepers, as well as Waggons, 
barrows, planks, and all other machinery, materials, and utensils, which may be 
necessary for executing this Contract. When any Material occurs in the excava- 
tions suitable for making Bricks, the Contractor shall be at liberty to make use of 
that material for that purpose ; but if, in so doing, he shall cause any deficiency 
for the formation of the embankment, he shall make up the deficiency by a Side 
Cutting, at his own expense, in such of the excavations as the Engineer may 
direct ; and if such side cutting require an additional quantity of Ground, the 
Contractor shall indemnify the Company for the purchase of the same. Trial 
Shafts have been sunk in several places on the Line, for the purpose of procuring 
information as to the nature of the material ; and their situations are marked on 
the Section. 



GENERAL STIPULATIONS, 

Which are to apply to the whole of the Bridges^ Culverts^ and otlier Works^ 
wherein the workmanship and materials described may he used. 

BRICKWORK. 

The Bricks made use of shall be sound, well-shaped, thoroughly burnt, and 
of uniform colour on the face of the work. 

No broken Bricks shall be used, except in the case hereinafter mentioned, 
and no joint of mortar shall exceed one-quarter of an inch in thickness. No dif- 
ference of workmanship shall be allowed in the inside and outside work, except so 
far as hereinafter specified ; and the whole of the joints shall be flushed up solid 
with mortar, and the outside joints neatly drawn. The Bond shall be either 
English or Flemish, as the Engineer shall direct. 

MORTAR. 

The Mortar shall consist of the best fresh burnt Dorking or other Lime, 
approved by the Engineer, and sharp Sand, mixed in the proportion of 3 measures 
of sand to 1 of lime. They must be mixed in a dry state, and well tempered, by 
passing through a pug mill, with a proper quantity of water. 
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ROMAN CEMENT. 



The Koman Cement shall be of the best quality, and shall be mixed with an 
equal quantity of sharp sand. None shall be used which has set or become hard. 



ARCHES. 

Arches when of brick shall be built either in concentric half-brick Rings, or 
in such other manner as the Engineer may direct. 

BACKING TO ARCHES. 

The Backing shall consist of Brickwork laid in mortar as before described, 
and shall be built in every respect equal to the outside work. Bats may be used 
in this part of the work, but no course shall contain a greater quantity of bats than 
whole bricks. 

WINGS AND SPANDRELS. 

The Wing Walls shall be of that description of brickwork before described ; 
they shall be built battering, as shown upon the drawings. The Spandrels will be 
of precisely the same description of workmanship as the wings. The bricks must 
be cut so as to fit the arch accurately all round. 

FILLING IN OVER ARCHES. 

The space between the wing walls, arch and backing of bridges, shall be filled 
in with hard dry material, when it can be got, well rammed down, but when it is 
necessary to use clay for the purpose, it shall be firmly punned down in layers of 
not more than 9 inches thick, until it is within 18 inches of the level of the surface 
of the roadway, which depth must be filled with gravel, and the roadway formed 
as hereinafter described under " Approaches to Bridges." 

STONE IMPOSTS. 

Where Stone Imposts or springing courses are used, the stones shall always 
be equal to the full thickness of the arch, and no stone shall be less than 2 feet 
6 inches long, and when required, they shall be dowelled together. 
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SPRING-COURSES. 

These must be of the form and dimensions shown on the drawings. No 
stone must be less than 2 feet 6 inches in length, and the whole to be throated 
underneath. All the surfaces, excepting the back, shall be fair tooled. 

COPING. 

To be of the form and dimensions shown on the drawings. No stone to be 
less than 2 feet in length, and each stone must be dowelled and leaded to the 
adjoining one. The coping shall be fair-tooled all over, and a throating, half 
an inch wide, cut on its under side. 

STONE. 

All Stone used for Bridges and parts of bridges throughout this contract, 
shall be Derbyshire Bramley Fall, or stone fiilly equal to it in quality, and 
approved by the Engineer. The String-course, Parapet wall, and Coping, shall not 
be put on until after the centres are struck, which shall not be done without the 
permission of the Engineer. All the centering must be done to the satisfaction 
of the Engineer. Great care must be taken that the bridges are so placed, that 
the outside rails when laid shall be equi-distant and parallel with the faces of the 
abutments or parapet walls. 

EXCAVATING FOUNDATIONS. 

The Contractor is to excavate for the foundations of all Bridges, Culverts, 
and other works, to keep out all water, place Dams, and provide all Centering 
planks, and tools of every description necessary for the perfect execution of his 
work, at his own expense, and to be included in the amount of his tender ; and in 
case of the foundations of any of the works requiring, in the opinion of the 
Engineer, to be carried lower than is shown upon the drawings, the Contractor is 
to make such Extra excavations and do all Extra pumping, or other contingent 
works incident thereto, at the rate specified in the Schedule of prices. The 
increase to the masonry or brickwork, or other matter constituting the foundations 
caused by such additional depth, will be allowed as an Extra to the Contractor, 
according to the rate specified in his Schedule of prices. 
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DRAINS UNDER BRIDGES. 

Drains must be constructed under all the Bridges, on each side of the Rail- 
way, 15 inches wide at the top, and 12 inches wide at the bottom; to be sunk as 
low as the drain at the outside of the ballasting. They will each consist of a brick 
wall, 14 inches thick, 3 feet deep, and equal in length to the width of the bridge, 
and as much more as shall be necessary to connect with the side Drains. At the 
outside of the ballasting, there will be two courses of bricks to form the bottom. 
The whole will be laid in mortar, as described for the bridges. 

CONCRETE. 

All Concrete must be composed of Gravel, perfectly clean, and mixed with 
fresh, well-burnt Lime, in the proportions of 6 parts of Gravel to 1 of Lime. The 
lime and gravel to be mixed in a dry state, and a sufficient quantity of water 
afterwards added. 



BRIDGE AT THE CROSSING OF THE GRAND JUNCTION CANAL. 

The Bridge crossing the Grand Junction Canal at Blisworth is very similar 
in design to this. Vide Plates 36, 37, 38, and 39. 

The Railway intersects the Canal at an angle of 40^, and at a point where 
the height of the Rails above the level of the water is 29 feet 8 inches, and the 
depth of the Embankment 25 feet. The Railway rises in the direction of Bir- 
mingham at the rate of 1 in 330. 

The Bridge will consist of six Main Ribs of cast iron, forming an arch of 
66 feet span on the skew, and 11 feet 9 inches rise, and leaving a clear width of 
33 feet 6 inches between the abutments, measured at right angles, to the centre 
line of the canal. Each of the Ribs will consist of three pieces, upon which the 
open work of the spandrels will be fixed. Beams of Oak will run along the top 
of the four middle ribs, and be bolted to them ; to these beams will be attached 
the Railway Chairs. The spaces between the ribs will be covered with cast iron 
Plates, upon which the ballasting of the Railway will be laid. The Abutments 
and wing walls will consist of brickwork laid in mortar, excepting such parts of 
them as stand on the planked platform hereinafter described, which must be built 
in Roman Cement for the distance of 18 inches from. the face up to the level of 
the Towins: Path of the canal. The bottoms of the excavations for the founda- 
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tions of the abutments must be made perfectly smooth and level; and a Platform, 
consisting of a double thickness of Planking, and extending under every part of 
the base of the abutments, must be laid down. On this platform the Abutments 
will be raised. At the springing of the Arch, a course of Bramley Fall stone, 
forming the skew backs or imposts, will be built into the brickwork, and upon this 
will be built the brick walls. At the backs of the Main Sibs, the backing of the 
arch, consisting entirely of brickwork, will be carried out between the wing walls 
to the extent shown on the drawings. It will be supported on five small Arches, 
springing from walls which run parallel with the wing walls. The Wing Walls 
and pilasters in front of the abutments will be wholly of brick, and will be built 
battering. The whole of the outside of abutments and pilasters to be faced with 
White bricks from Cowley, or such other white bricks as may be approved of by 
the Engineer. A string-course of stone, as shown in the drawings, will run along 
the wing walls and pilasters as far as the face of the abutments, and the same 
form will be continued in cast iron over the arch. The Pilasters, both in front 
of the abutments and at the ends of the wing walls, will have plinths, facias and 
caps of stone. The Towing Path, of the canal will be retained by a row of cast 
iron piles and plates running along its face and joining on the present towing path 
with an easy curve, as shown in drawings. The Piles will be tied back by land 
Ties fixed into the abutments of the bridge, or to wooden piles driven in for the 
purpose ; the space between this row of piling and abutments will be filled with 
gravel and lime Concrete. 

Do Do. PLANKING OF PLATFORM. 

The Planking shall consist of two courses of good Memel Timber, each 
4 inches in thickness. The upper course must cross the lower at right angles, 
and be firmly spiked to it with wrought iron Spikes 7 inches long and half an 
inch square. 

Do Do. ABUTMENTS. 

The bottom of the brickwork of the Abutments shall be laid 6 feet below the 
water level of the Canal, and 8 feet below that of the Towing Path ; they will 
consist of brickwork laid in mortar, as hereinbefore described, excepting for the 
depth of 18 inches from each of the faces, and up to the level of the Towing 
Path, which will be laid in Roman cement. The Walls which carry the small 
arches supporting the backing shall be founded at the depth of 3 feet below the 
water level of the canal ; they shall be 2 feet in thickness, and uniformly carried 
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up to the springing of the cross arches ; these Arches are of different spans, and 
spring at different heights, so as to keep the level at the crown the same in each ; 
they are to be 9 inches in thickness ; and the backing is to be 4 feet in thick- 
ness above the estrados of the cross arches last mentioned. The Walls at the 
back of the cast iron ribs shall be 3 feet in thickness, and carried up to the level 
of the top of the ribs ; they shall consist entirely of brickwork. The Skew-backs 
or Imposts shall be of Bramley Fall stone, of the shape and dimensions shown on 
the drawing and each Stone shall be cramped to the adjoining one with wrought 
iron cramps run in with lead, 12 inches long, 2 inches wide, and f of an inch 
thick. The fronts and the beds of the stones are to be fairly dressed, and the 
backs only to be left rough. • 

Do Do. WING WALLS. 

The Wing Walls shall consist of brickwork laid in mortar, and must be built 
up to the string-course with a batter of 1 inch to a foot. Counterforts, 3 feet 
wide, 3 feet in thickness, and about 11 feet apart, must be built at the back of the 
wing walls, and well bonded into the substance of the walls. 

Do Do. STONE STRING COURSE. 

A String-course of Bramley Fall stone, dressed into a torus moulding, must 
be set on the wing walls and abutments, at the height shown in the drawings. 
The average length of the stones must be 4 feet, and whenever any stone falls 
short of this dimension, the next shall exceed it as much as the former is below 
it, and no stone shall be less than 3 feet in length ; the whole must be neatly 
dressed, and the beds and cross joints made perfectly true and close. 

Do Do. STONE PLINTHS, FACU8 AND CAPS TO THE PILASTERS. 

The stone Plinths and Facias must project 2 inches from the face of the 
brickwork, and shall be bedded in the work not less than 6 inches. The Caps 
to the pilasters must be 9 inches thick on the face and 1 foot in the middle, and 
must in no case consist of more than one stone. The whole of the outer surfaces 
are to be fair-tooled. 
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Do Do. CAST IRON RIBS. 

Each cast iron Kib will be a segment of a circle of 66 feet span and 11 
feet 9 inches rise ; 2 feet deep at the crown, and 2 feet 9 inches at the springing. 
The thickness of the metal of the middle part must be 2 inches, and that of 
moulding at top and bottom 6 inches. Each rib is to be cast in three pieces, and 
they will be bolted together through the flanges cast on them for that purpose, 
with bolts 2 inches in diameter. The Open work in the spandrels must be cast 
separate, (excepting so far on each side of the arch as is pointed out by the 
letters A, A, Drawing No. 5, Fig. 1, which will be cast on the centre piece of the 
main rib,) and keyed into sockets cast on the ribs for that purpose, as shown on 
the drawings. Sockets must be cast on the ribs to receive the ends of the longi- 
tudinal and diagonal Braces, and to admit of their being firmly keyed to them, 
(see Drawing) and holes must also be formed at the proper places to allow a 
wrought iron Tie to extend from one side to the other of the bridge. All the 
bolt Holes which go through the outside ribs must be counter sunk. The Top 
Tables of each of the Ribs on which the oak timbers hereinbefore mentioned rest, 
must have bolt holes 1 inch in diameter cast in them, at a distance of 3 feet, 
centre and centre, alternately, on opposite sides of the beam, in order to secure 
the said timbers. They must also have bolt holes cast f of an inch in diameter, 
suitable for bolting the roadway plates. 

Do Do. SKEW BACK PLATES. 

The Ribs will spring from cast iron plates 2 inches in thickness, cast in two 
pieces and bolted together with four 2 inch iron bolts. The parts where the main 
ribs spring must be so recessed as to present faces at right angles to the direction 
of the ribs, which must be also keyed into their places with wrought iron wedges. 
The stone Skew-backs must be worked to fit exactly the various bondings of the 
plates, and where they join they must be let into the stone work. The whole 
must be firmly and solidly bedded, and run with Roman cement. 

Do Do. CROSS BRACES AND TIES. 

Between the main ribs, and diagonally across the arch, are cast iron Braces, 
as shown on Drawing No. 4. They are cast with palms to admit of their being 
wedged into the sockets cast on the ribs. Wrought iron Tie bolts run across the 
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arch at a direction parallel with the abutments. They are contained in cast iron 
pipes, the sides of which are feathered, and the ends furnished with palms, in 
order that they may be wedged into sockets cast on the ribs. The greatest care 
will be required in the fitting of these braces and ties, in order that they may not 
be subject to unequal or twisting strains. 

Do Do. TORUS MOULDING AND PLINTH OYER ARCH. 

This moulding and plinth must be of cast iron. It must be cast in several 
pieces, which are to be bolted together with four 1 inch bolts ; and sockets must 
also be cast in it for the reception of the standards of the iron railing, which are 
to be fastened with keys as shown on the drawing. The Back plates, or that part 
next the railway, must be cast separate, in order to give access to the bolts which 
form the fastenings to the main front rib. Tliey must be afterwards screwed on, 
and the joints so arranged as to come intermediately between the joint moulding 
and plinth. 

^ Do Do. IRON RAILING. 

The whole of the distance between the pilasters and the abutments, and be- 
tween them and the piers at the end of the wing walls, is to be occupied by Iron 
Bailing, as shown in the Drawings. It is to be cast in lengths corresponding with 
those of the moulding and plinth, into the sockets of which, as before mentioned, 
it must be firmly fixed with wrought iron keys. Each length of railing must join 
to the next with a neat half-lap joint, and its middle standard must be steadied by 
having a cast iron knee or bracket screwed to it, as shown on the drawings. 

That portion of railing between the pilasters and piers, at the end of the 
wing walls, must be secured to the stone plinth, by being run in with lead, the 
knees or brackets being attached as before described. The ends of the railing 
must run into the pilasters for the length of 3 inches, and either be secured there 
or left loose as the Engineer may direct. All the Castings must be of No. 1 iron, 
excepting the roadway Plates, which may be of No. 3 ; and no open sand casts 
will be allowed, excepting for roadway plates. All the malleable iron used in this 
work must be of the best scrap iron ; a thickness of patent felt covered with white 
lead, to be placed between all the joints of the iron work. All the iron work must 
be painted with two coats of paint. 
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Do Do. OAK BEAMS. 

An English oak Beam of the dimensions shown in the drawings must be 
bolted on each of the four middle Eibs with bolts 1 inch square, 3 feet distant^ 
centre to centre, so arranged as to be on opposite sides of the centre beams. The 
length of each oak Beam must be equal to that of the Rib, together with the 
thickness of the wall at the back of the ribs : they must be cut away to fit the 
road Plates, and their bolt heads, and so as to secure a firm and solid fitting upon 
the tops of the ribs. The Chairs must be secured to the beams, each with two 
wrought iron bolts | of an inch in diameter, screwed into nuts let into the sub- 
stance of the beams. None of the beams shall be made in less than two pieces, 
and these shall be of equal length, and joined with a Scarf 2 feet long. 

Do Do. FILLING IN BETWEEN WING WALLS. 

The ends of the embankments shall not be brought by means of waggons 
nearer than 20 yards to the extremity of the wing walls, and the remainder of the 
earth necessary to complete the embankment shall be wheeled in barrows. The 
filling in between and around the wing walls shall be well punned in layers of not 
more than 9 inches thick, as the brickwork is brought up, so as to be firm and 
solid. 

Do Do. BALLASTING ROADWAY. 

The whole surface of the Bridge shall be covered with a stratum of clean 
Gravel, perfectly free from earthy matter. That part of the Bridge over the 
arch, up to a level of 2 inches beneath the surface of the Rails, and the remainder 
of the bridge to be covered to the depth of 2 feet 4 inches beneath the same leiiel, 
as hereinafter directed in the description of laying the permanent way. 

Do Do. INCLINATION OF RAILWAY. 

The Railway over the Bridge will have an inclination of 1 foot in 330 feet, 
and the whole work must be erected as much out of the level as that quantity. 

Do Do. CAST IRON PILING FOR TOWING PATH. 

The Towing Path of the Canal is retained by a row of cast iron piling to the 
extent shown on the drawings. The piling is to consist of Main Piles and Plates, 



61 

the form and dimensions of which are represented on the drawing. The Main 
Piles are to be driven to the distance of 6 feet 5 from centre to centre, perfectly 
upright, and exactly equi-distant from each other at top and bottom ; they are 
then to be tied back by wrought iron Ties, 1^ inch in diameter, in the manner 
shown in the drawings. 

The ground having been cleared away between these piles, the cast iron 
Plates are to be dropped into the grooves in the main piles, and the whole being 
secured at top by the capping being firmly bolted on. The Tie bolts mentioned 
above are to be secured to stones built into the abutments, or to needle Piles, con- 
sisting of whole timbers, 12 inches square, and driven to the depth of 8 feet below 
the surface of the ground. At the ends of the Piling, and to the extent shown on 
the drawing, brick walls are to be built ; and they are to be 3 feet thick at the 
bottom and 2 feet 3 inches at the top, and must return for a depth of 18 inches 
at the points where they join the piling and the present towing path. 

Do Do. COFFER DAMS. 

In removing the Coffer Dams which may be necessary in putting in the 
foundations of the bridge, the sheet piles must be cut off level with the bottom of 
the canal. 

In explanation of the restrictions to which the Contractor will be liable in 
regard to any interference with the navigation of the Canal which he may disturb 
in laying the foundations of this bridge, by driving coffer dams or otherwise, the 
following quotations from the Act of Parliament are subjoined : — 

" And the said Railway Company shall, and they are hereby required, 
*' during the progress of constructing each such bridge over the said Grand 
'' Junction Canal, and of the necessary repairs or renewal thereof from time 
" to time, and at all times, to leave an open and uninterrupted Navigable 
" water way in such Canal, of not less than 16 feet, during the time of con- 
" structing and putting the foundation walls of the abutments of each of the 
" said bridges, and of the new towing path of the same, up to 1 foot above 
" the top water level of the said canal, and which time of contracting the 
" water way shall not exceed thirty days ; nor shall less than 22 feet for the 
" said water way, and 8 feet for the said towing path, be left during the con- 
" struction or repairing or renewing each such bridge ; and the present 
'' Towing Path shall remain undisturbed until the new towing path waU shall 
" be erected, and the ground made good and properly gravelled, and open 
" for the free passage for horses under each such bridge." 
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The Contractor shall be required to fix the whole of the Iron work of the 
bridge upon his own premises, for the inspection of the Engineer, and no part to 
be removed until he receives a written order to that effect. In this case, as in 
any other case, (in accordance to the general clause to that effect hereinbefore 
mentioned,) the Engineer shall have the power to make any alterations, deduc- 
tions, or additions he may see fit. 

BRIDGE AT THE CROSSING OF THE ROAD FROM BOURNE END 

TO POUCHING END. 

Vide Plate 18. 

This Bridge passes under the Railway at a point where the depth of the 
embankment is 24 feet 9 inches, and the level of the rails is 27 feet I inch above 
the present surface of the road. The Arch is a semicircle of 7 feet 6 inches 
radius and 1 foot 6 inches thickness; and the height of the springing from the 
level of the road is 15 feet 6 inches. The clear width between the parapets is 
28 feet. This Bridge is to be built of brick, with the exception of the string- 
courses, copings, and caps to the pilasters, which are to be of stone. Counterforts 
are to be built behind the Abutments, and Arches turned between them in the 
manner shown in the drawings. For Materials and Workmanship, see General 
Stipulations hereinbefore given. 

BRIDGE AT THE CROSSING OF THE HAXTER'S END ROAD. 

Vide Plate 19. 

This Bridge passes over the Railway at a point where it is level with the 
present road. The bridge is to be of brick, except the string-course, coping, and 
imposts, which are to be of stone. The Arch is a semi-ellipse, 30 feet span, and 
9 feet rise; the height from the rails to the crown of the arch is 17 feet, and the 
clear width between the parapets is 15 feet. The Inclination of the roadway 
must be at the uniform rate of 1 in 13. The Slopes of the approaches are 2 to 1 
at right angles to the road, but they must be reduced to 1^ to 1 along the face of 
the wing walls. The Approaches to the bridge are shown on the drawings. For 
particulars of Materials and Workmanship, see general directions hereinbefore 
given. 
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BRIDGE AT THE CROSSING OF THE ROAD FROM BERKHAMP- 

STEAD TO GREAT GADDESDEN. 

Vide Plate 20. 

This Bridge passes over the Railway at a point where the Embankment is 
4 feet 4 inches deep, or where the level of the rails is 6 feet 8 inches above the 
present surface of the ground. It is to be built of brick, excepting the string- 
courses, imposts, coping, and caps to the pilasters, which are to be of stone. The 
Arch is a semi-ellipse of 30 feet span, and 10 feet rise, and 1 foot 10^ inches 
thick. The height from the level of the rails to the crown of the arch is 17 feet, 
and the clear width between the Parapets is 1 5 feet. The Wing Walls run nearly 
parallel with the Railway, and are returned with a short wall at the ends, as 
shown in the drawings. The Approaches to the bridge are shown in the draw- 
ings. For particulars respecting Materials and Workmanship, see General Stipu- 
lations hereinbefore given. 

BRIDGE AT THE CROSSING OF THE ROAD FROM BERKHAMP- 

STEAD TO GREAT GADDESDEN, 

This Road crosses the Railway at a point where the depth of the cutting is 
24 feet, measure at the centre line. The Bridge is to be of brick, excepting the 
imposts, string-courses, and coping, which are to be of stone. The string-course 
is to be 9 inches deep on the face, to project 3 inches, and to be built into the 
brickwork 4^ inches. The coping must be 6 inches deep in the middle, the top and 
upper comers must be neatly rounded oflf, and it must project 3 inches from the 
face on each side. A throating 2 inches deep must be cut on both string-course 
and copings on the underside, throughout their length. The arch is a semi-ellipse 
of 30 feet span, and 8 feet rise, and the thickness is 1 foot 10^ inches. The 
height, on the level of the Rails to the crown of the arch, is 17 feet 8 inches, and 
the clear width between the parapets is 15 feet. The surface of the Road is in- 
clined at the rate of 1 foot in 8 feet. This inclination must be kept as it is, and 
the parapet of the bridge built parallel to it. The form and dimensions are shown 
in the drawing. For particulars of Workmanship and Materials, see Greneral 
Stipulations hereinbefore given. 
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BRIDGE AT THE CROSSING OF THE ROAD FROM BERKHAMP- 

STEAD TO BERKHAMPSTEAD PLACE. 

Vide Plate 40. 

This road passes the Railway at an angle of 45 degrees, and at a point where 
the depth of the embankment is 13 feet 6 inches, or where the surface of the rails 
is 13 feet 10 inches above the surface of the present road. The Bridge consists 
of six cast iron Girders, or Ribs, resting on a course of stone built into the abut- 
ment walls ; those on the outside, and supporting the parapet walls, are 2 feet 
6 inches deep ; and those inside, carrying the Railway, are 2 feet 3 inches in 
depth, with top and bottom Tables, the former 10 inches, and the latter 1 foot 
6 inches broad ; the thickness of the iron throughout is 2 inches. Three pairs of 
wrought iron Ties, 1 J inch in diameter, must pass through each of the outside 
ribs, and attach it firmly to the adjoining inside rib, in the manner shown on the 
drawing. The holes in the face must be countersunk, and bosses must be cast on 
the inside, so as not to decrease the material at those particular points. A 2 -inch 
plank of Oak extends along the top of the four inside ribs, and on this rest the 
railway Chairs^ which must be bolted through the wood to the table of the Rib. 
Brick Arches, 9 inches thick, are to be turned between the ribs, in the manner 
shown on the drawing, and the Spandrel Walls must be built across the Bridge at 
right angles with the face, and carried up to a height level with the top of the 
ribs. A stone string-course, dressed into a torus moulding, runs along the bridge 
as far as the outside of the pilasters, in the front of the abutments : it must be 
attached to the ribs by iron plugs, leaded into the stone, and keyed under the 
table of the rib. The width on the square, between the Abutments, is 15 feet, 
and the clear headway under the ribs must be 15 feet also; but in order to obtain 
this height, the road must be lowered to the extent of 1 foot 9 inches under the 
bridge, and it must rise at the gradual inclination of 1 in 20 to the present sur- 
face on each side. The Ribs must be of No. 1 iron, and the wrought iron 
bolts &c. must be of the best scrap iron. 

The Contractor must be at the expense of subjecting the whole of the iron 
work to any test which the Engineer may think proper to apply, in order to 
ascertain its strength and soundness; and if any defect shall appear, the Contractor 
shall replace the defective casting, or iron work, for others free from such objection. 
For particulars of Workmanship, and material, diverting, lowering, and metalling 
the road, see approaches to bridges and General stipulations. 
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RETAINING WALL AT BERKHAMPSTEAD CASTLE. 

This Wall is for the purpose of retaining the Railway Embankments along 
the part of the road from Berkhampstead to Berkhampstead place, immediately 
in front of the Castle. Pilasters are to break forward half a brick from the face 
of the wall, at a distance of 20 feet, as near as may be, centre to centre, and they 
are to run flush into the plinth at the bottom, which must project half a brick. 
The top course of the Plinth must consist entirely of headers, neatly bevelled off, 
and laid in cement. A piece of stone, of the dimensions and form shown, is to 
stand out as a string-course from the pilasters, and in the manner shown in the 
drawings, and along the wall, at the same level, a half brick projection of equal 
depth is to be continued, the bricks of which must be rubbed on the outer surface. 
Where the road passes under the Railway, this arrangement is altered, as will be 
seen from the drawings. A torous moulding extending as far as the outside of the 
pilasters in front of the abutments. Immediately behind the pilaster, the wall 
must be broken by counterforts, of the form and dimensions shown in the drawings, 
and th?y must be well bonded into its substance. The footings are to be carried 
down 1 foot 6 inches below the present surface, and whatever is the section of the 
ground, they must in no part be formed at a less depth. The wall is finished at 
each end by a curved return, and along the top of the whole extends a stone 
Coping, 6 inches in depth. No Stone must be less than 3 feet in length, and each 
stone must be secured to the adjoining one with a wrought iron cramp, 8 inches 
long, turned down at the ends 2 inches, and run with lead. The length of the 
walls, between the commencement of the return walls at each end, is 555 feet 6 
inches, and the length of the return walls is 42 feet 6 inches, making the total 
length of the wall 640 feet 6 inches. In bringing up the Embankment, the earth 
must be well rammed in layers of not more than 1 foot thick, for a distance of at 
least 6 feet from the back of the wall. The whole of this wall must be neatly 
finished, and the joints drawn, and if they are acted upon by the frost before the 
mortar has become hard, they must be repointed in the ensuing Spring. Care 
must be also taken to give the wall a proper and even curvature, so that it shall 
be in every part parallel with the centre line of the Railway. 

DIVERSION OF ROAD INTO BOURNE END ROAD. 

This Road is to be diverted between the letters A and B, a distance of about 
19 J chains. The diversion must follow the direction of the railway embankment 
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at the outside of the ditch. The gravelling of the road must in no part be of less 
width than 16 feet, and a Fence and Ditch, similar to those specified for the Rail- 

■ 

way, must be formed along the further side of the road, joining neatly at the ends 
with the present fences. See Specification of Approaches to Bridges. 

NORTHCHURCH TUNNEL. 

Vide Plates 27, 28, 29, and 30. 

This Tunnel commences in the field marked 34 on the plan, and terminates 
in that marked 38, being about 16 chains in length. The Contractor is to confine 
his operations to the width of 1 statute Chain, upon the surface of the ground 
over the intended tunnel ; and previous to commencing any part of the said 
tunnel, the above width is to be fenced in with Temporary Fencing, similar 
to that hereinbefore described, which must be made to unite with the fencing 
along the line of Railway. This fencing is to be removed after the comple- 
tion of the tunnel, and no other fencing erected, excepting over the ends, where 
Permanent Fencing (similar to that hereinbefore described) must be erected 
for the sides of the Railway. This tunnel is to consist of a brick Arch, of 
the form shown in the drawings, (vide Plate 29,) supported by carved Side 
Walls, standing upon stone skew backs, which are to be bedded upon the 
counter or Inverted Arch, forming the base of the tunnel: this part is to be 
one and a half brick in thickness, excepting the shaft, as shown on next draw- 
ing, and the arch and side walls are to be two bricks thick throughout the 
whole length of the tunnel, excepting for a length of 7 feet 3 inches at the front, 
and at a distance of 1 2 feet on each side of the shaft, together with the shafb 
length, where they will be three bricks thick, or in such other places as the 
Engineer may think it requisite to make them thicker ; in which latter case the 
Contractor shall be paid for the increase according to the rate mentioned in his 
Schedule of Prices. The Ai*ch, if of the thickness of one and a half brick, shall 
consist of three half brick rings ; if it be two bricks thick, it shall consist of four 
and a half brick rings, and so on, and each ring shall contain five courses of bricks 
more than the ring immediately beneath it. 

The bricks to be made use of in that part of the arch between the points C 
and D, Drawing No. 17, Fig. 2, are to be moulded tapers, so that the sides may 
radiate agreeably to the curvature for that distance. All the rest of the bricks 
may be of the ordinary shape. The whole of the Brickwork is to be set in mortar, 
excepting that part on each side of the shaft which is marked on the Drawing 
No. 17 to be set in Roman cement; but if the Engineer should think it necessary 
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to have any other portion of it set in cement| the Contractor shall be paid for the 
diflference of cost according to the rate set forth in his Schedule of Prices. The 
longitudinal courses of brickwork must be laid perfectly straight in the direction 
of the tunnel, and must be parallel in every direction with the surface of the 
rails ; and if at any time the regular continuity of the brickwork of the tunnel 
shall be destroyed, either in consequence of irregular shrinking, or settlement of 
the arch, or imperfection of the centres, the Contractor shall amend or remove 
such irregularity in a satisfactory manner. The stone Skew backs of the side 
walls, (next the invert) shall consist of stone of the quality hereinbefore described. 
No stone must be used less than 3 feet in length. There must be a bed of brick- 
work under the stone skew back, extending to the inverted arch, in which the 
stone work shall be soundly bedded. 

Do Do. SHAFTS. 

Vide Plates, 29 and 30. 

The Contractor may sink two working Shafts on the centre line of the tunnel, at 
such places as the Engineer shall direct. They shall be 9 feet diameter inside the 
brickwork, and the brickwork shall be of the thickness of one brick's length. The 
Shafts shall be the same diameter from top to bottom, perfectly cylindrical, free 
from bulges and all other imperfections. The brickwork shall rest upon a cast 
iron Curb, fitting into the crown of the arch of the tunnel, forming a level base 
for the shaft to rest upon ; the Bond shall be of whatever description the Engineer 
may require. The shafts shall be carried up to a level of 10 feet above the level 
of the surface, and finished with a coping of Bramley fall stone, 9 inches thick, 
and 15 inches long; and the stones shall be dowelled together, and run in with 
lead, and the dowels shall not be less than 4 inches long. Whenever any Water 
may occur in sinking the shafts, it must be excluded from it by a lining of Puddle 
behind the brickwork, or by setting the brickwork in Roman cement, or both, if 
necessary. The Contractor must also sink two other shafts on the centre line of 
the tunnel, one at each end of it, and drive a Heading, 4 feet wide and 5 feet high, 
the whole length of the tunnel. This Heading must be carried through, before 
any part of the main tunnel is commenced, and must be supported and kept open 
during the execution of the whole work, by timbering or such other means as may 
be deemed necessary by the Engineer. The Contractor will be at liberty to sink 
whatever Air shafts he may think proper, provided they in no case come within 
50 yards of the working shaft. They are to be 3 feet diameter within the brick- 
work, and supported at their intersection with the arch of the tunnel on cast iron 
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curbs. The specification for the working Shaft, in regard both to these curbs and 
other workmanship and materials, must be equally applicable to these shafts. A 
brick Drain, as shown upon drawing, must be constructed throughout the whole 
length of the tunnel. The brickwork is to be laid in mortar, as hereinbefore 
described. 

Do Do. EXCAVATING. 

In excavating the Tunnel, the Contractor shall not in any length advance 
beyond the completed brickwork more than 6 feet, without the special permission 
of the Engineer ; and should the nature of the ground render it unsafe or inex- 
pedient at any time to advance so much as 6 feet with the excavation beyond the 
brickwork, the Contractor shall limit such advances, as may be directed by the 
Engineer. The space excavated in advance of the brickwork shall be care- 
fully and substantially supported by the usual modes of timbering — namely, sill 
props, or shores, bars, and polling boards.* The dimensions and arrangement of 
such timbering to be approved of by the Engineer. The invert sides, and the 
roof, must be cut out as nearly as possible of the finished size of the exterior of 
the brickwork ; and in any case where the bottom may have been taken out be- 
yond the stipulated dimensions, the excess must be made perfectly sound and 
good, before the brickwork of the invert is commenced, by being well filled up 
with suitable material. Wherever any space exists between the exterior of the 
brickwork and excavation, whether on the sides of the roof, arising either from 
the required size of the excavation being exceeded, or whether from the withdrawal 
of the Bars, the greatest care shall be taken to form the same perfectly solid, with 
suitable materials, as the brickwork advances in height, and in no case shall the 
brickwork rise more than two courses without this operation being effectually per- 
formed- 

When the bricklayers are getting in the Side Walls, and turning in the arch, 
one Labourer at each face must always be employed by the Contractor to do 
nothing else but to pack the brickwork, by ramming in small Chalk behind the 
walls with an iron Rammer ; and in case the Contractor should neglect or refuse 
to employ a man at eafch face for that purpose only, the Engineer shall have power 
to do so, and to charge the Contractor with the expense. In the upper portion of 
the arch, where the Bars cannot be drawn, or the operation of packing performed, 
until the brickwork is completed, the operation shall be proceeded with as soon as 
the succeeding length of excavation shall have advanced so far as to admit of its 

* The Tunnel was worked simUar to the Primrose Hill Tunnel, (vide Plates 15 and 16.) 
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being soundly and effectually performed from the end, by beaters of a suitable 
construction ; and should the nature of the material through which the Tunnel 
may at any time be advancing, be so unsound as to render the drawing of the 
bars and planking likely to affect or disturb the brickwork, either in its form or 
stability, such portions of the said Bars and Planking shall be left as deemed 
necessary by the Engineer. None of the Sills made use of, excepting those in the 
first length in the shaft, shall be allowed to penetrate into or rest upon the brick- 
work in the Side Walls, but shall be supported by means of Tressels resting upon 
the invert, and quite independent of the side walls. 

The holes formed by the Sills in the said first lengths shall be made good with 
brickwork laid in Roman cement, immediately on the sills being withdrawn. In 
the executing of this, and in every other part of the Contract, the Contractor 
must find all the Materials and Machinery for executing the works ; make all the 
necessary Shafts, bore holes, and perform every operation necessary for completing 
the work in the manner intended by the Specification. All the machinery, center- 
ing, &c. must be constructed to the satisfaction of the Engineer. The material 
excavated from this tunnel must be conveyed to form the embankments in this 
Contract. Marks or signals will be given to the Contractor by the Company's 
Engineers, for the purpose of regulating and directing the level of the tunnel ; 
and the Contractor shall be at the expense of erecting any temporary or per- 
manent Marks or signals which -may be considered necessary for giving the direc- 
tion and levels with the requisite accuracy. 

Do Do. IRON CUBES TO SHAFTS. 

Vide Plates 29 and 30. 

The cast iron of the Curbs must be of the best No. 2 iron, the casting free 
from air bubbles and perfectly sound, and the bolts and nuts must be of the best 
scrap iron. 

Do Do. TUNNEL FRONTS. 

The two fronts of this Tunnel are not of similar design, as shown upon the 
drawings. 

North Front — The Arch of the Tunnel ends in stone quoins 2 feet deep on 
the face, and toothing into brickwork alternately 2 feet and 4 feet 6 inches ; they 
project from the face to the extent of 3 inches. The Arises or corners thus 
formed must be neatly chamfered, and great care must be taken to make the 
joints close and accurate, without flushing or flaw of any kind. Pilasters of solid 
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brickwork faced with stone, break forward from the general front on each side of 
the arch. They are crowned with caps of stone, and the same form of moulding 
is carried on between the pilasters, and also on the tops of the side walls. The 
arch and pilasters are surmounted by a frieze cornice and blocking course. On 
the pilasters, the Frieze will be of brick, faced with stone to the depth of 1 foot 
(> inches and 2 feet 3 inches alternately, whilst that over the arch will be entirely 
of brick. The Cornice will be of solid stone throughout, and all the mouldings 
cut sharp and clean. The blocking Course over the arch will consist of stone, 
whilst that over the pilasters will be of brick, faced as before mentioned with 
stone. It must also be closed in at the top, the joints of which must be laid in 
Roman cement, so as to completely exclude water. The whole of the stone work 
must be fairtooled, and the joints made true and accurate. A brick Drain runs 
along the back of the tunnel front, and connects with other drains down the 
slopes of the cutting, as shown in drawing. This Drain is to consist of 9-inch 
brickwork, laid in Roman cement, and it must be l>edded in a mass of concrete, 
of the extent shown on the drawing. 

South Front (vide Plates 27 and 28.) The Specification for the tunnel 
Front just described, must be considered equally applicable to this in everything 
which is common to both. The Arch of the tunnel ends into stone quoins, which 
tooth into brickwork, alternately 2 feet 6 and 3 feet 6 inches. The whole front 
is faced with stone, excepting the side walls, and a part of the parapet or frieze 
over arch, which are of brick. The Pilasters batter on the face, as shown on the 
drawing, and the side walls batter at the same rate, being set back 9 inches. A 
Drain, as previously described, laid in cement, and bedded in concrete, runs along 
the foot of the slope, behind the tunnel front, and connects with other drains down 
the slopes of the excavation. In these fronts, wherever the brickwork appears, it 
must be faced with white Cowley bricks. 

APPROACHES TO BRIDGES. 

The Embankments forming the Approaches to the bridges, are to be made of 
the surplus material from the excavations on the line, should such exist. Should 
there be no surplus material, then the requisite quantity for any approach must 
be obtained by altering the slopes of one or more of the excavations on the line of 
Railway. The Approaches must be made of such height and inclinations as 
shown in the section of approaches to each bridge. The width of the top of the 
approach shall be six feet more than the width of each bridge within the parapets. 
The embankments must be formed in the same manner as directed in the specifica- 
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tion of the embankments on the line of Railway. The surface of the Embank- 
ments when formed, shall be made regular and even, and be well beaten with 
heavy beaters, and covered with a casing of good Gravel, 10 inches in thickness 
in the middle part of the road, and 6 inches on each side ; the best portion of the 
gravel must be placed in 9 feet of the middle part of the road. The ruts must 
be filled up from time to time, and the surfacie kept smooth and even. The whole 
of the embankments, from either termination up to the parapet walls of the 
bridges, must be protected on both sides by wood posts and rails, as shown on 
drawings. The wood Posts must be of good oak, free from sap, and straight 
grained. The Rails, and so much of the posts as is seen above the ground, shall 
be sawn out square, neatly planed, and painted with two coats of stone-coloured 
paint ; all the joints must be made with white lead, and all the wood beneath the 
surface of the ground to be neatly charred. A ditch, with railing and quick fence, 
similar to that hereinbefore described, for the tops of the excavations and bottoms 
of the embankments upon the line of Railway, must be made ou each side of the 
line of embankments of each approach, and they must be made to join the fence 
of the Railway. Previous to any of the works connected with any of the bridges, 
approaches to bridges, approaches to paved crossing, or diversions of roads, which 
may in any way affect existing roads, being begun, a good and well made Tempo- 
rary Road shall be provided and maintained, for the free and uninterrupted 
passage of carriages of every description. Every precaution must be taken by 
the Contractor during the alteration of any of the roads to erect proper fencing, 
and fix lights, as the Company will not be held liable for any injury which may 
ensue from neglect of these precautions. The Contractor must make any 
alterations necessary in the direction of the roads, for the convenient approach to 
all bridges specified in this contract. 

BALLASTING AND LAYING THE PERMANENT WAY. 

Vide Plate 1. 

The Railway is intended to form a double way, composed of four single lines 
of Rails, and will ascend in the direction of Birmingham at the uniform rate of 1 
in 330, throughout the whole length of this contract. The greatest care will be 
required that the portions shown on the Plan, Drawing No. 2, as straight, shall 
be perfectly so, and that the Curves are all uniform and properly brought into the 
straight lines. The laying and ballasting the Permanent Way is intended to be 
completed in such portions, and at such times, as will meet the convenience of the 
Contractor in executing the other works. Previous to the delivery of the 
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materials of the permanent way to the Contractor, the surfaces of the embank- 
ments, and the bottoms of the excavations, shall be made the proper heights and 
depth, and uniform in width, level, or inclination ; and they shall be completely 
drained, and certified by the Engineer as being in a fit state to receive the per- 
manent ballasting. The Materials to be delivered" to the Contractor, shall con- 
sist of Rails, chairs, keys, pins, blocks, sleepers, and oak trenails; and he will be 
held responsible for the re-placeraent, in case of loss or injury, of the materials 
thus delivered to him, from the time of their delivery to the expiration of his con- 
tract. The rails, chairs, keys, pins, blocks, sleepers, and trenails, will be delivered 
on any wharf, or landing place, upon the line of the Grand Junction Canal which 
may be made choice of by the Contractor ; but the Contractor is to pay the 
wharfage, and other incidental charges, and also the expense of conveyance from 
the wharf, or landing place, to the line of Railway. 

The Rails will be in lengths of from 12 to 18 feet, and weigh 501bs. per 
lineal yard. They will be supported every yard by a cast iron Chair, or pedestal, 
which will weigh about 201bs., and be accompanied by two wrought iron keys for 
fixing the rail into the chair, and two pins for fixing the chair upon the block or 
sleeper. The Sleepers will be of wood, the dimensions of each part, and the con- 
struction of the whole, are shown upon the drawing. The Company will reserve to 
themselves the right of directing whether stone blocks or wood sleepers shall be 
used, or both, and if both, in what proportion and situation. The material for 
Ballasting shall be composed of broken stone, or clean gravel, entirely free from 
any admixture of clay, capable of setting hard, and not retentive of moisture. 
If broken stone be used, none shall be larger than cubes of 2 inches. The Ballast- 
ing shall be spread over the whole surface of the top of the embankment, and 
bottoms of excavations, between the drains, and an uniform thickness of 10 inches 
where stone blocks are employed, and 18 inches where wood sleepers are used. 
This stratum of Ballast shall be beaten into a firm and solid mass, by heavy 
beaters, worked by at least two men, and the thickness before mentioned shall be 
considered to apply only after this operation has been eSectually performed. Upon 
this surface the blocks and sleepers are to be laid in their proper situations for re- 
ceiving the rails. 

When stone blocks are employed, each block shall be bedded in its proper 
situation, by frequently lifting it by a spring lever to the height of 1 foot above 
the surface, and letting it fall forcibly on the ballasting ; this operation shall be 
continued until no sensible difference of level is perceived after each fall : should 
the block then be found too low, it shall be removed out, and more material placed 
in its intended bed, and the same operation continued until the block has reached 
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its proper level, and has obtained as firm and uniform a bed as can be obtained 
throughoat the whole area of the under side of the block. When wooden Sleepers 
are employed, the ballasting for the intended bed shall be beaten by heavy beaters, 
and each sleeper also forcibly beaten when it has been placed in its position, until 
it has been firmly and uniformly bedded throughout its whole length, and reached 
its proper level. If it be found lower than required, it shall be removed, and 
additional materials placed under its bed : the same process as before must then 
be renewed until it has reached its proper level. The Rails must be laid at their 
proper level, each of them parallel to each other, and at the same height at any 
point. The joinings must be made perfectly even, whether square, half-lapped, or 
scarfed, and be firmly secured in the chairs. The two lines of way to be 6 feet 
apart, and the width between the inside of the rails 4 feet 8^ inches. 

The Stone Blocks will be delivered to the Contractor in a rough state, and 
he will be required to drill two cylindrical holes in each block, 6 inches deep, and 
2 J inches in diameter; to make the upper surface of each block perfectly level; 
to drive the oak trenails, and cut ofi* their tops flush with the surface of the 
block ; and to fix the chair firmly in its proper position, by means of the iron pins 
furnished to him for that purpose. The wood Sleepers will be delivered to the 
Contractor as sawn out, and he will be required to make their upper surfaces per- 
fectly level for the reception of the chair, which must be firmly fixed in to the 
exact guage. The pins shall not be driven into the sleepers without the holes 
having been previously bored with a proper sized auger. The Rails must be 
securely fixed into the chairs, by means of two keys. The Chairs shall be firmly 
fixed on the sleepers or blocks. The whole of the upper surfaces of the stone 
blocks must be worked to a plain surface, and a space in the centre, of sufficient 
size for the whole bed of the chair, must be fairtooled perfectly level, so that the 
chair will rest perfectly steady upon the block. Any of the Rails which may be 
twisted or bent in the least degree, to be made perfectly straight with proper 
hammers and anvils, previous to their being laid down. Should any Gravel, or 
any other suitable material, occur in any of the excavations included in this con- 
tract, the Contractor shall be at liberty to use the same ; but if in so doing he 
shall cause any deficiency in the material for the formation of the embankments, 
he shall make up the deficiency by a side Cutting, in such of the excavations as 
the Engineer may point out, and at his own expense. If such side Cutting shall 
require an additional quantity of land, the Contractor shall indemnify the Com- 
pany for the expense of purchasing the same. 

The Contractor shall in no case remove any material from the intended sites 
of any of the embankments, unless permitted by the Engineer. The Contractor 
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shall also be at the whole expense of purchasing and obtaining gravel, or stones, 
for the purpose of Ballasting, whether brought from the adjoining lands or other- 
wise. Brick Drains, throughout the excavations, are to be laid in the ballasting, 
as shown on the drawing. One Drain shall be laid in the centre of the ballasting, 
throughout the whole length of the excavations, and shall have Cross Drains, at 
intervals of every 5 yards, communicating with the Open drains outside the bal- 
lasting, on either side alternately. They must be properly and securely laid with 
good bricks, without mortar, but 18 inches in length at the open ends, and shall 
be laid in Roman cement. 

The Contractor shall give the Assistant Engineer a receipt, stating the 
number of rails, or other materials, in each parcel delivered to him, and after 
they are placed in his possession, he shall be accountable for the loss of any part 
of them. He shall also replace any rails, chairs, keys, pins, trenails, blocks, and 
sleepers, which may have been broken, or otherwise rendered unfit for use, while 
in his possession. The Contractor shall be permitted to make Sidings or crossings 
from one line of the permanent way to the other, for his own convenience, during 
the progress of the works, provided he does not injure the rails in so doing, and 
removes them when the works are completed. No Waggons, carriages, or engines, 
employed by the Contractor on the permanent road, shall have a greater weight 
placed on any one axle than 3 tons, unless the carriages or engines are placed on 
good and suflScient springs ; and when they are so mounted, the weight on any 
one axle shall not exceed 4 tons. 

« 

EXTRA OR CONTINGENT WORKS. 
FENCE GATES. 

The Fence Gates are to be made of the form and dimensions shown in the 
drawing. The heels and ends are to be of good oak, sawn out the proper dimen- 
sions, and morticed for the reception of the horizontal bars. The horizontal Bars 
are to be five in number, of cleft oak, and smoothed over. The ends must fit the 
mortices of the heels and heads, and be secured by oak pins. The" diagonal 
Braces will be similar to the bars, and firmly nailed to them. The nails to pass 
through both, and their points are to be clenched. The Posts are to be of oak, 
the top sawn to the requisite dimensions and form, and a small cap fixed upon 
each. The bottoms of the post must be charred. The gate irons shall be of the 
form and dimensions shown on the drawings. The Gates must be firmly fixed in 
the line of the quicksets, and the wood railing neatly joined to the gate posts. 
The gate posts must be painted in two coats of white or stone-colour paint. 
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EXCAVATIONS AND EMBANKMENTS OF SLOPED 

OCCUPATION ROADS. 

These Excavations and Embankments are to be made in the same manner as 
those upon the line of Railway, and slopes, as may be directed by the Engineer. 
The contents of the excavations shall be conveyed to the nearest embankment 
upon the line of Railway, or to the nearest spoil bank. The embankments are to 
be formed with the surplus material in the excavations upon the line of Railway, 
should such exist ; but if not, they must be made with material obtained from one 
or more of the excavations upon the line of Railway, as may be fixed by the 
Engineer, by altering the Slopes, so as to afford a sufficient supply ; and the Con- 
tractor shall be paid for the same at the rate specified in the Schedule of Prices* 
But whenever there is a surplus of material, the Contractor shall employ the same 
in forming the Approaches to occupation bridges, or sloped roads, should such be 
required ; and the cost of so employing it shall be considered a part of his con- 
tract, to which the stipulations and prices of extra works do not apply. 

METALLING OF APPROACHES TO OCCUPATION BRIDGES. 

To be done in the same manner described in the Specification of approaches 
to bridges. 

PAVED CROSSINGS. 

All the Roads crossing the Railway without bridges, are to be paved in the 
manner shown in the drawing, with good 6 or 7 inch Aberdeen granite, or other 
granite equally good. The paving must be laid on a bed of fine clean gravel, of, 
12 inches in thickness, in a solid and substantial manner. The paving stones 
must be cubes, as nearly as possible. Each rail must be protected by two iron 
Bars, as shown in the drawing ; they will be considered as part of the rails, and 
will be provided by the Company. 

OCCUPATION BRIDGES. 

The general form of Bridges which will be used as Occupation bridges is 
shown on the drawings. For particulars of Materials and Workmanship, see 
General Stipulations hereinbefore given. 

e2 
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CULVERTS. 

Vide Plate 21. 

The form and dimensions of the Culverts are shown on the drawing, the 
sizes being selected to suit the particular situation. For particulars of Materials 
and Workmanship, see General Stipulations hereinbefore given. 

LAYING AND BALLASTING PERMANENT SIDINGS. 

The Sidings are to be laid in such positions, and of such lengths, as may be 
directed by the Engineer. They must be laid in the manner and form shown on 
the drawing. The Contractor will be required to take up any part of the rails 
already laid down which may be found necessary, to cut them into their proper 
lengths for the reception of the other iron work, to relax them, and to fix all the ' 
necessary crossing plates, check rails, moveable points, or sliding rails, with the 
requisite machinery for removing them. The whole must be made equally firm 
and substantial as the other parts of the permanent way. The Specification of 
the permanent Ballasting, already described, must be considered applicable in all 
respects to the construction and ballasting the sidings. 

TOOL RECESS. 

Tool Recesses, similar to that represented in the drawing, shall be built in 
such situations and intervals on the side of the railway as may be directed by the 
Engineer. They shall be constructed of brickwork, with stone coping. For par- 
ticulars of Materials and Workmanship, see General Stipulations attached to 
bridges. 

DISPOSAL OF MATERIAL. 

Throughout the whole of this Contract, the material from the excavations 
is to form the next adjoining embankment, as well as the approaches to the bridges, 
and crossings, of every description ; and whenever, or wherever, any excavations 
shall not be sufficient in quantity to complete the next adjoining embankment, and 
approaches to bridges, and sloped roads, the quantity so deficient must be brought 
from the nearest excavation which shall have a redundancy. After excavation. 
No. 31, shall have been carried into eftibankment, No. 23, the deficiency of 
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material to complete this embankment must be obtained from the redundancy 
in the other parts of the contract, including the material out of Northchurch 
Tunnel. If there should be a redundancy of material in the excavations, such 
redundancy may be laid in spoil bank if not required, to be otherwise disposed of 
by the Engineer. If there should be a deficiency of material in the excavations 
to form the embankments, the quantity required to complete them must be obtained 
by altering the slopes of such of the excavations as the Engineer may think proper 
to order, and at the cost of the Contractor. 

The entire surface of the Spoil Banks must be finished ofi* with a regular, 
even, horizontal plane, excepting the outer edges, or boundaries thereof, which 
must be finished off with slopes of not less than 6 to 1. The area to be occupied 
by the spoil btoks is to be stripped of all turf, or soil, previously to depositing the 
spoil thereon ; all of which turf, or soil, shall be afterwards equally distributed 
over the surface of the spoil banks. The whole surface of the Spoil Banks, in- 
cluding their slopes, must then be sown with grass and clover Seeds, as hereinbefore 
described for the slopes of the excavations. All damage done to the lands by 
the occupation of, and during the execution of the above works included in this 
contract, and in the formation of spoil banks, to be defrayed by the Contractor. 
The Company binding themselves only to exercise the power of their Act of Par- 
liament, in aiding the Contractor to purchase or to settle compensation for such 
Lands as he may select for the formation of spoil banks, or for other lands injured, 
or occupied, temporary or permanently, by any works or erections, or for any side 
Cuttings which the said Contractor may employ, or require, beyond the width 
purchased by the Company, and described in the field plan. 

• 

TIME OF COMPLETION. 

The whole of the Works in this Contract are to be completed on or before 
the 1st day of May, 1837, and the Contractor will be bound to keep in good order 
and uphold the whole of the works, for the space of one year after the works 
shall have been completed. 

RATE OF PROGRESS. 

Embankments Nos. 24, 25, 26, and 27, shall all be made on or before the 1st 
day of August, 1836, and at the same period, 100,000 cubic yards of the embank- 
ment. No. 23, must be formed. 
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150 yards in length of the Northchurch tunnel to be completed in the same 
period. 

In the same period, the foundations of the Bridge over the Grand Junction 
Canal, the site of which is represented between the fifteenth and twentieth chain 
on the section, must be laid, and the walls built up to the level of the springing 
of the arch. 

On or before the 1st day of March, 1837, the whole of the excavations 
and embankments, and the whole of the Northchurch Tunnel, to be completed. 



It is understood, that only the neat Measurement of the masonry, brickwork, 
or timber, will be allowed, notwithstanding any custom to the contrary. 
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CONTRACT No. 1, F. 

Specification of the various Works to be executed in making and com- 
pleting a portion of the said Railway, extending from, at or near the boundary 
between the Counties of Buckingham and Northampton, near Hartwell, to a part 
near the Grand Junction Canal, in the parish of Blisworth. 



EXTENT OF CONTRACT, AND GENERAL STIPULATIONS. 

This Contract commences at or near the boundary between the Counties of 
Buckingham and Northampton, at a point marked with the letter A, in a field in 
the Parish of Hartwell, belonging to the Trustees of Stony Stratford Poor, num- 
bered 2 on the Field Plan, marked Drawing No. 2, and on the section, marked 
Drawing No. 2, hereto respectively annexed, and thirty-nine statute chains, or 
thereabouts, on the South East side of the road leading from Bozenham Mill to 
Hartwell, and terminates at a point marked with the letter Z, in a field in the 
Parish of Blisworth, in the County of Northampton, belonging to his Grace the 
Duke of Grafton numbered 35 on the said general plan and section, the point 
about twenty-seven statute chains on the North West side of the road leading from 
Towcester to Cotton End, being a distance of five miles or thereabouts. 

It comprehends the following Works. 

The making of Temporary fences necessary during the progress of the other 
works. 

The formation of the whole of the Excavations and Embankments represented 
on the section. 

The making of the Permanent fencing. 

The erection of Bridges under the Railway, viz. 

At the crossing of the road leading from Bozenham Mill at Hartwell. 
At the crossing of the road leading from Stoke Bruern to Hartwell. 
At the crossing of the road leading from Ashton to Hartwell. 
At the crossing of the turnpike road leading from Towcester to Cotton 
End, Vide Plate 25. 
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The erection of Bridges over the Railway, viz. — 

At the crossing of the road leading from Ashton to Soade. 

At the crossing of the turnpike Eoad leading from Hardingstone to Old 

Stratford. 
At the crossing of the road leading from Roade Hyde to Roade. 
At the crossing of the road leading from Roade to Plane Woods. 
At the crossing of the road No. 2 leading from Roade to Plane Woods. 

Vide Plate 23. 
At the crossing of the road leading from Ellsworth to Roade. 
At the crossing of the road leading from Blisworth to Courteen-hall. 
Vide Plate 24. 
The formation of Roads over or under the above bridges, and Metalling the 
same ; and also for diversions. 

The making of the following Culverts, viz. — 
Two double, 6 feet in diameter. 
One single, 6 feet ditto. 
Three ditto, 4 feet ditto. 
Three ditto, 2 feet ditto. 
The formation of the side Drains in the excavations on each side of the 
Railway. 

The laying, ballasting, and draining of the Permanent way, including the 
providing of all Timber, bricks, lime, stone, or other materials necessary for the 
completion of the works. 

The iron Rails, chairs, keys, pins, trenails, blocks, and sleepers for the pur- 
pose, being provided by the Company, under conditions hereinafter described. 

And all other Works mentioned or described in the accompanying drawings 
or plans ; together with the following 

EXTRA WORKS. 

The erection of Gates. 

The excavation and embanking of Approaches to occupation bridges. 

The Metalling of occupation roads. 

The Paving of occupation roads crossing the Railway on a level. 

The building of Occupation Bridges and Culverts. 

Laying and ballasting permanent Sidings, and the formation of Tool recesses 
are considered as Extra works, and will be paid for as such, according to the 
schedule prices for extra works set out in the tender. 
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The preceding enumerated Works, and the mode of execution, are described 
at length in the Specification of each particular work, and their forms and dimen- 
sions are described in the accompanying drawings, which are referred to in each 
specification ; but should any discrepancies exist between the measurement by the 
scale attached to the drawings and the written dimensions, or between the draw- 
ings and the specification, or any ambiguity in them, the same is to be referred 
to the Engineer, whose decision shall be conclusive. Anything contained either 
in the drawings or specifications shall be considered as being contained in both. 
The written dimensions are those by which it is intended the Contractor shall 
make his estimate. The clause relative to the " Fencing and Ditching, and the 
temporary and permanent Fencing," is similar to that specified in Contract 5 B, 
hereinbefore given, (vide page 47.) 

EXCAVATIONS AND EMBANKMENTS. 

The part coloured Red on the Field Plan, Drawing No. 2, shows the direction 
of the Railway, and the area of the land which will be purchased by the Railway 
Company, and upon which the Contractor shall have full permission to erect any 
temporary houses, offices, &c., necessary during the execution of the works, or any 
machinery for excavating or embanking, provided that such proposed erection 
shall not be especially prohibited by the Act of Parliament for making the Railway. 

The Blue line on the Section Drawing No. 1 describes the top of the embank- 
ments and the bottoms of the excavations previous to the laying and ballasting of 
the permanent way. 

The uncoloured space on the Section below the blue line represents the 
embankments, and the space between the blue line and the surface shows the 
excavations. 

The Black undulating line describes the present natural surface of the 
ground along the centre of the line of the Railway, showing the respective 
heights of the embankments and depths of the excavations, from which data their 
contents have been calculated, on the supposition " that the area of any cross 
section in sidelong ground does not differ from the area of a similar section in 
level ground." 

The levels and other admeasurements from which the section is made are 
believed to be accurate, but the Contractor must verify the results, as he will be 
held liable for the consequences of any error. 

Cross Sections of a Cutting and Embankments, with drains, fences, &c., are 
shown in Drawing No. 19. 

L 
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EMBANKMENTS. 

The whole of the Embankments in this Contract shall have Slopes of 2 to 1, 
that is to say, when the Base of the slope is 2 feet, its perpendicular height shall 
be 1 foot only, and they shall be 33 feet wide at the level of the blue line on the 
Section, neither more nor less ; which width shall extend equally on either side of 
the outside rails after they shall have been laid and completed, as hereinafter 
described. Each of the Embankments shall be uniformly carried forward as 
nearly at the finished heights and widths as the due allowance for the shrinking of 
the materials will admit of, and this allowance shall not exceed or fall short of the 
quantity deemed necessary by the Engineer. In all cases this must be carefully 
and strictly attended to, in order to avoid the necessity of making any subsequent 
addition either to the heights or widths of the embankments, to bring them to 
their proper level and dimensions. 

The surface of the Embankments shall be kept in such form, or be inter- 
sected by such drains, as will always prevent the formation of pools of water upon 
them, and insure the embankments being kept as dry as possible. 

Whenever the material teemed over the end of the embankments shall not 
form the proper Slope, it shall be carefully trimmed to its required form ; and this 
operation must proceed at the same time with the end of the embankment, so as 
to obviate the necessity of any further addition of material to the sides of the 
embankment. 

As the Embankments advance and become consolidated, the Slopes shall be 
carefully trimmed into planes having the proper slope, and be neatly faced or 
ramped with an uniform covering of turf of not less than 8 inches in thickness, 
and laid with the greensward outwards. The Turf must be taken from the 
ground to be occupied by the base of the embankments ; and where the land is 
arable, the slopes of the embankments shall be covered with the Soil, which must 
be uniformly laid on, of the thickness of 6 inches, and sown with rye-grass and 
clover-seeds, as soon as the proper season will admit of its being done ; not less 
than one pound and a half of clover-seed and one pound and a half of rye-grass 
seed to be sown on each acre. 

When the materials brought to the embankments consist of large lumps, they 
shall be broken into pieces of not less than 6 inches in diameter, unless they con- 
sist of rock. 
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EXCAVATIONS. 

The Excavations throughout the Contract shall, when turfed or soiled, be 
33 feet wide at the level of the blue line on the Section, neither more nor less, 
and shall extend to an equal distance on each side of the outside rails, except in 
certain parts of the excavation No. 5, where Retaining Walls are inserted, in 
which case the widths are variable ; and the Contractor is referred to the drawing 
and specification of that part of the line. 

The Excavations in this Contract are five in number, and are designated in 
the Section as Nos. 1, 2, 3, 4, and 5. 

Trial Shafts have been put down in all the excavations, to ascertain the 
nature of the materials to be excavated ; and the nature, thickness, and relative 
positions of the various beds of Clay, marl, shale, limestone, &c., are shown in the 
Section, which it is believed correctly represents the extent and quality of the 
materials to be cut through ; but it remains with the Contractor to verify the cor- 
rectness of the section, as he will be held liable to the consequences of any altera- 
tion in the continuity of the strata between the shafts. 

The Shafts have been left open for examination ; the materials obtained in 
sinking them may be seen at the top of each shaft, and samples of the various 
strata sunk through may be seen on application at the Eailway-oflice at Weedon. 

As soon as any part of the Slopes, not having less base than 1^ foot to every 
foot in height, are dressed to the proper inclination, they shall be covered with 
Turf taken from the land to be occupied by the excavations in the same manner 
as before directed in the embankments ; and where turf cannot be obtained, the 
slopes must be covered with Soil and sown with rye-grass and clover-seed, as be- 
fore directed in the specification of the embankments. 

In the formation of the excavations and embankments in this Contract, the 
Contractor shall not remove the turf or soil from the ground for a greater distance 
than half a statute chain in advance of the face of the excavation or embankment, 
and that which has been cut must be removed back to a point where the slope 
is ready for receiving it, and laid down as directed, with as little delay as 
possible. 

Whenever and wherever springs, soaks or streams of water, may appear and 
issue from the face of the slopes, the Contractor shall be bound to make and main- 
tain during the progress and until the completion of the works, such Drains or 
water-courses as shall completely and efiectually prevent such springs, soaks or 
streams of water, from injuring the slopes, and shall convey the whole of such 
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vater into proper Drains, so that none shall be permitted to lodge in the excava- 
tion : and where beds of Sand, gravel, or other loose mould occur, the face of the 
slope must be protected from the injurious effects of such springs or streams of 
water by any other means than may be deemed advisable or necessary by the 
Engineer. 

At the bottom of each slope, a Drain of an uniform depth below the rails, as 
shown in the drawings, shall be made, and these drains must be continued on both 
sides under all the bridges which cross the Railway. A Drain shall also be made 
at the top of each slope, so as to exclude from the excavations any water draining 
off or flowing from the lands adjoining, and all covered or open drains which may 
be intersected by the excavations, must be made to discharge their water into the 
ditch at the outside of the top of the slope, for which purpose the said ditch shall be 
made as deep at least as the bottom of the intersecting drain, and the space between 
the outside drain and the slope shall be well puddled at the point of intersection. 

The Contractor shall also open or make any new Drain which the Engineer 
may deem necessary for the exclusion of any water from the Railway excavation. 

In the formation of the Excavation and Embankments, the Contractor must 
provide, at his own expense, all the necessary Rails, chairs, keys, pins, blocks and 
sleepers, as well as Waggons, barrows, planks, or other machinery, materials, or 
utensils, which stipulation is, however, modified to a certain extent by the following 
conditions : — 

It is not intended to deliver to the Contractor any of the Permanent Rails, 
chairs, keys, pins, blocks or sleepers, until at least one continuous mile of roadway, 
together with 300 yards in continuation at each extremity of such mile, shall have 
been completed ; also certified by the Engineer as being ready for the reception of 
the permanent ballasting, as in the Contract hereinbefore mentioned, on which 
certificate a sufficient number of Rails, chairs, keys, pins, blocks and sleepers shall 
be delivered to the Contractor by the Company, and he shall be permitted to use 
them in sucK manner only as is hereinafter described in the specification of the 
ballasting and laying of the permanent way, provided, however, that such perma- 
nent rails shall in no case whatever be laid down and employed within 300 yards 
of the face of any excavation, or the end of any embankment then in progress. 

From the Shafts that have been sunk in the cutting No. 5, it is expected that 
a considerable quantity of Stone will be found sufficiently hard for the purpose of 
Blocks such as described in the drawings and specification of the ballasting and 
laying the permanent road. 

In all and every case, either in the above-named excavations, or any other 
within the limits of this Contract where Rock exists, (which, in the opinion of the 
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Engineer is proper for making blocks,) the Contractor shall proceed in such 
manner as may be best calculated for obtaining blocks of the size and quality 
specified under the head of ballasting and laying already alluded to, and shall obey 
the directions of the Engineer in working such rock. For each block so procured 
and delivered at the situation within this contract where it will be used, the Con- 
tractor shall be paid by the Railway Company one shilling over and above the 
amount of his tender ; and should the Contractor in any case where stones exist 
suitable for blocks, neglect to work it in the manner best calculated for obtaining 
them both sound and in the greatest quantity, he shall be liable to a deduction 
from the amount of his tender, equal to the estimated value of the blocks which 
might have been obtained. The estimate of value shall be made by the 
Engineer. 

Whenever Material occurs in any of the Excavations of a quality suitable 
for making Bricks, the Contractor shall be at liberty to make use of such material 
for that purpose ; but if in so doing he shall cause any deficiency in the material 
for the formation of the embankment, he shall make up such deficiency in the 
material by a Side Cutting, at his own expense, in such of the excavations as the 
Engineer may point out, and if such side cutting require an additional quantity 
of ground, the Contractor shall indemnify the Company for the purchase of the 
same. 

The excavation No. 1 consists of Clay and Shale, and the sides are to be 
formed at a Slope having a base of 2 feet for 1 foot in perpendicular height. 

The excavation of No. 2 consists of rubbly Sandstone, Limestone, and Shale, 
(as shown in Section No. 1,) and the sides must be formed at a Slope having a 
base of 1 foot and a half for each foot in perpendicular height. 

The excavation of No. 3 is nearly similar as regards material to No. 2, and 
the sides must have a like Slope of 1 foot and a half to each foot in perpendicular 
height 

The excavation No. 4, is principally Soil and Clay, and must have the same 
Slope in the sides as Nos. 1, 2, and 3. 

In the excavation No. 5, the strata are of various kinds, consisting 
principally of a bed of Limestone extending nearly throughout the excavation, 
which bed of limestone is overlaid by beds of Clay and Marie in the deepest parts 
of the cutting, and underlaid by. a thick bed of Shale throughout its whole length. 
The sides of the excavations must have Slopes of various inclinations, (hereinafter 
particularly described, ) according to the nature of the materials to be cut through, 
from the end of the cutting A to the point B ; the sides shall be taken out to an 
uniform Slope of 2 feet base to 1 foot in perpendicular height* 
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Throughout the whole of the remaining part of the excavation, all Soil, Clay, 
Sand, Marie, or other materials above the aforesaid limestone rock, shall be taken 
out at a Slope of 2 feet base to 1 foot in perpfendicular height, between the foot 
of which slopes and the top of the cutting in the rock a Bench of 9 feet in width 
shall in all cases be left. The Slopes of the cutting in the limestone Bock to 
have 3 inches base to 1 foot in perpendicular height. 

Whenever the Shale or other soft strata lying under the limestone is found 
to rise above the level of the bottom of the cutting, a portion of such shale or 
soft strata shall be excavated from under the limestone on each side of the 
cutting, and replaced by Walls, buttresses, arches, and inverts, as hereinafter 
described. 

Whenever the depth or thickness of such Shale or soft strata falls short of 
14 feet, the side walls shall be of the dimensions shown in Drawings Nos. 3 and 4, 
and described in the specifications relative thereto. 

To prevent any injury to the Slopes by the springs of water issuing from the 
rock and other strata in this excavation, the strictest attention will be required 
on the pftrt of the Contractor, and the modes of drainage adapted to the varying 
thickness of the shale and other strata are particularly described in the Drawings 
Nos. 3 and 4, and the specifications relative thereto. 

Drawing, No. 4. 
Vide Plate 22. Undersetting of the Eock in the Blisworth Cutting. 

Fig. 1. — Represents a cross section of such excavation where shale rises to 
the height of 22 feet above the bottom of the cutting. 

AB. Fig. 1 . Is a cross section of a buttress. 

CD. Is a longitudinal section of one half of an invert. 

EF. Is a cross section of the recess wall. 

GH. Is a cross section of a drain in the centre of the cutting. 

IK. Represents the method of carrying oflf the water from behind 

the wall. 
LM. Section of pitching between buttresses. 

Fig. 2. — Is a plan of the retaining walls and buttresses. 
AB. Plan of buttress. 

CD. Plan of invert. 

EF. Plan of recess wall. 

GH. Plan of central drain. 
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A. Fig. 2 — Side drains, communicating with central drain by means of cross 

drains bb. 
IE. Sunk drains in face of wall, communicating with side drains AA, 

by sunk drains CC. 
LM. Plan of pitching between buttresses. 

The Inverts to be of an invariable width of 27 feet, and to have a rise of 
3 feet 3 inches; the radius being 29 feet 8 inches; the junction of which inverts 
with the face of the buttresses to be always at the level of the surface of the rails. 

The face of the Buttresses in the cross section to be described by a radius 
of 106 feet; the radius to be square with the face of the rock, at its junction 
with the top of the buttresses ; therefore, rising 3 inches vertical to 1 foot hori- 
zontal, corresponding to the slope of the rock. 

The back of the Buttresses to batter outwards, from the centre of the 
cutting, at the rate of f of an inch horizontal for 1 foot in height, as shown in 
the section ; and the side of the buttresses to batter, at the rate of 1 in 20, on 
each side, as shown in the plan and elevation. 

The Recess Walls to have the same batter at the back, corresponding with 
the buttresses, and the face of such walls to have a straight batter, of 2 inches 
horizontal to 1 foot vertical. These walls shall have three courses of 1 foot each 
in depth; each course to step 6 inches. The bottom of the walls to be level 
with the bottoms of the inverts and buttresses. 

The central Drain to be made according to the dimensions in plan. Where 
it crosses the inverts, they wLQ form its bottom ; and between the inverts, the 
bottom to be laid to an uniform inclination. 

At a depth, never falling short of 1 foot below any wet stratum that may 
occur, two courses of the recess wall and buttresses to be projected beyond the 
back of the wall ; the lower course to project beyond the upper, so as to receive a 
stone, to rise 1 foot above the upper course, forming a Drain 1 2 inches deep and 
6 inches wide ; to be surrounded at the bottom and back with a casing of sound 
Puddle, and filled in at the top with Rubble stone, to allow the top water to 
have access to the drain, as shown in the Drawings at IE. This drain to have a 
regular fall from the centre of each buttress, as shown by the dotted lines Nos. 1 
and 2, in elevation Drawing No. 4. 

The water, when thus collected, shall be carried through the recess wall, 
and down the sunk channel in its face, as shown in section and elevation of 
Drawing No. 4. 

The pitching between the buttresses to extend from the foot of recess walls 
to the side drains AA. 



88 

The Inverts being preserved of a constant width, at the level of the surface 
of the rails, and the face of the buttresses being an uniform curve, proceeding 
from the slope of the rock, at its junction with the top of the buttress, the width 
between the tops of any two Buttresses on section " will depend upon the depth 
of the shale above the bottom of the cutting." The width of the said Buttresses 
viewed in elevation being invariably 4 feet at top, the same circumstance will 
affect the width of their junction with the inverts : the same circumstance will 
also affect the thickness of the recess wall and buttresses. Thus, in Fig. 3, 
Drawing No. 4, where the shale is 22 feet deep, the width between the top of the 
buttresses is 41 feet 6 inches; while in Figs. 4, 6, and 7, Drawing No. 4, where 
the depth of the shale is 14 feet, the width is 34 feet 2 inches. This will also 
in like manner determine the width of Excavation at the bottom of the rock, 
which being flush with the face of the buttresses at their top, overhangs the 
recess wall 1 foot 6 inches. 

When the depth of the Shale, from the bottom of the rock to the bottom of 
the cutting, shall be less than 14 feet, then the Inverts between the buttresses 
shall be discontinued, and in lieu of the inverts, the buttresses shall have 
4 courses of Footings, when the depth of Shale above the bottom of the cuttings 
exceed 10 feet; and 3 courses for all lesser depths. Further, when, as aforesaid, 
the Shale, or clay, or other soft material, rises to the height of 10 feet above the 
bottom of the cutting, then the level of the bottom Footings of the buttresses 
shall be 3 feet 3 inches below the said cutting, which depth shall decrease pro- 
portionally as the above height diminishes, until the rock meets the level of the 
bottom of the said cutting. 

Where there are no Inverts, (which is invariably the case where the depth 
is less than 14 feet,) the distance between the tops of the buttresses, and conse- 
quently the width of the excavation between the tops of the buttresses, shall be 
uniformly 34 feet 2 inches. 

The face of the Buttresses, and recess walls, being determined in this case 
by the same rules as where the inverts exist, and the width at the top buttresses 
being constant, the width of the cross section at the level of the rails will depend 
upon the depth of the shale, as will be seen by referring to Figs, from 4 to 13 
include. Drawing No. 3 ; where it will be seen that by this means the Cross 
Section at the top of the undersetting gradually approximates in width and form 
to the ordinary shape of the cutting in rock. 

The North-west end (C) of the Retaining Wall terminates by a buttress, 
and at 38 feet North-west of the buttress (extending to B) the excavation, 
as before stated, will have an uniform slope of 2 feet base to 1 foot in height. 



89 

Between the points C and B, the form of the Excavations will be determined 
by straight lines, drawn parallel to the surface of the Eailway from corresponding 
points in the face of the cross section at C and B. Throughout this extent 
(from C to B) the Shale beneath the rock will have a facing of masonry, (com- 
mencing at C and terminating at B,) as shown in Figs. 1, 2, and 3, Drawing 
No. 3. 

The back of this Retaining Wall to be determined in a similar manner 
to the front, by straight lines being drawn from corresponding points at the back 
of the buttress at C, to the same at the back of the lining at B, thus lessening 
regularly in thickness from C to B. 

To render this description more easily understood, a Model of the North- 
west, and of the Cutting, accompanies the plans. 



MATERIALS AND WORKMANSHIP FOR WALLING. 

The whole of the Walls and Buttresses to be of masonry ; the stones to be 
procured from the excavations. The courses to run as thick as the material 
obtained from the excavation will afford when properly quarried. The facing 
stones to be at least 18 inches; the beds to be square with the face of the 
buttress, or wall. 

The stones to be hammer dressed, and brought to a rough bed, but perfectly 
true ; special care being taken to prevent too full a bearing in the centre of them. 

Their faces will not be required to be smooth dressed, but rough nobbled, 
similar to pitching, with rustic joints. If it should so happen, that after the 
quantity of sufficiently large stones shall have been procured to form the faces of 
the walls and buttresses, the excavation will not afford any of a similar description 
for the backing, then the said backing may be formed of Rubble, set in mortar, 
as hereinafter described ; the stones composing which to be brought to a bed, top 
and bottom, laid in courses. It being understood, that the Engineer or Engineers 
for the time being shall have the sole option of determining the necessity of 
adopting and the manner of performing the Rubble work. The bottom of the 
Rock to be taken out, to receive the walls and buttresses, as shown in the plans 
and sections; and stones, corresponding as near as possible with those shown in 
the said section^ to constitute the top of the said walls and buttresses. The 
stones to be accurately fitted to rock, and soundly fixed, so that for the whole 
depth of the said walls and buttresses, the rock shall rest upon them. 

M 
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The object of this arrangement being to secure a sound support to the rock, 
and to effect by the dove-tailed Stones a connexion with the rock, to prevent the 
top of the wall being pushed out. 

The Spandrels of the inverts and base of the buttresses to be filled with 
masonry in courses, and the angle made good, as shown in the Fig. 1, Drawing 
No. 4. 

The bottom course in all cases to be composed of stone as large as can 
be obtained, and the bottom be worked true. 

The bottom of the Buttresses and walls, when there are no inverts, to 
be laid on a level bottom, the courses to be brought gradually to radiate with the 
wall at the top of the footings, by the varying thickness of the courses, as shown 
in the Figs. 5 and 8, Drawing No. 3. 

The courses of the Masonry in the walls between the points C and B, at the 
North West end of the walling, to correspond with those of the buttress at C, and 
to have the same inclination or rake. The increasing batter to be obtained by 
enlarging the width of the benches between the upper and lower courses in the 
face of the wall. The working, setting, and mortar for this walling will be 
similar to that specified for the buttresses and recess walls. 

The Invert to consist of stones laid in regular courses, and each stone 2 feet 
in depth ; the stones to be brought to a smooth bed, and radiated to the centre of 
the courses. 

The Skew back at the end of the invert to be formed so as to suit the 
radiating course of the invert and the buttress, and to be not less than 9 inches 
deep on the face. The sides of the centre Drains to consist of masonry according 
to dimensions on plan, the interior face being fair and regular. The top to con- 
sist of an arch of brickwork set in mortar, or covered with stones, if they can be 
procured large enough to stretch across the drain, and to bed 4 inches on each 
side between the inverts ; the bottom of the drain to be pitched with stones or 
brick brought to a fair face. 

The Side and cross Drains to be formed either of brick or stone, neatly 
faced at the sides and bottom, and set in concrete mortar of the description 
hereinafter described. 

The centre Drain will not be required between the points H and I, at the 
South East end of the cutting, and instead the side drains A A will be made 
2 feet wide at top and 1 foot 6 inches at bottom, and deepened so as to be level 
with the bottom of the excavations; their bottom to be pitched and finished 
similar to the centre drains, and the drains for the cutting between D and H to 
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be diverted by similar drains into the above. The side walls of the above to be 
of stone, or brickwork set in mortar, and to be 1 foot 6 inches thick : thus — 




The Mortar to be used in the beds and faces of buttresses^ walls^ sides of 
drains and invert arch^ to consist of one part Lime to three parts of clean river 
or other unexceptionable Sand. The sand to pass through J inch skreens ; the 
lime to be fresh, and well intermixed with the sand through beating. 

The Mortar for running into the upright joints of the courses ^ and for filing 
in the work sound^ to consist of one part Lime to four parts of small unskreened 
Gravel, to be well mixed and beat to a tough consistency and liquefied in tubs or 
other vessels, to be properly adapted to run into and fill up all vacuities. The mortar 
to be used as hot as is consistent with the safety of the work, and the sand and 
gravel to be perfectly free from any loamy or other particles of a muddy nature. 

The Limestone rock found in the excavation may be used for the mortar 
specified to be used in the retaining walls in this Contract. 

The Pitching between the buttresses to consist of 4 inch pitchers, procured 
from the excavation, and neatly squared ; their base to be four-fifths their top 
face, and to be laid to an uniform surface, falling from the recess walls to the 
longitudinal drains, and filled in with grout made of mortar similar to the face 
mortar previously described, only with one part lime to five parts sand. 

All spaces behind the walls and buttresses, and in front of the footings 
beneath the ordinary bottom of the cutting, shall be filled with Clay or other 
suitable material thoroughly punned in ; and if through mistake, or otherwise, 
any excavation for walls, buttresses, or inverts, shall be made below the proper 
level, the space shall be filled up to the proper level with Masonry or Concrete, 
at the option of the Engineer. 

The Puddle behind the wall, for preventing the water from the wet clay 
intermingling with the dry strata beneath, to be at least 18 inches thick, and to 
consist of clay proper for the purpose, to be thoroughly worked in with the 
original strata of dry clay or shale. 

The broken stones above not to be less than what will pass through a 1^ 
inch ring, and to be laid indiscriminately, without any gravel, sand, or other loose 

m2 
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material being intermixed in their interstices. This provision to be made when- 
ever any wet strata shall be encountered. 

Throughout that portion of the Excavation where the retaining walls are 
required to be built, the face of the cuttings shall in no case be advanced beyond 
the completed portion of the wall more than a length equal to the distance 
between two buttresses, so as to avoid the weight of the Rock breaking or 
injuring the natural solidity of the Clay or Shale; and should it be found 
necessary in effecting this object, to follow the face of the excavation with the 
retaining wall at a less distance than that already stated, the Contractor shall do 
so, or otherwise support the exposed portion of the Shale by efficient Shoring, at 
his own proper cost and charge. 

It will be understood, that the whole object of these precautions is to 
prevent the natural beds of the Shale being disturbed by the pressure of the Rock 
or dripping of water, previous to the retaining walls being completed, as already 
specified. 

All moulds, templets and materials that may be requisite for the due 
execution of the above works, are to be furnished at the charge of the Contractor. 

If the Engineer or Engineers for the time being, during the execution of the 
works, shall see fit to extend or diminish the length of the Walling, number 
of buttresses and inverts, or to alter the quantity of any excavation or other 
work scheduled, then a proportional deduction or addition shall be made according 
to the Schedule of Prices, or if any strata or fissure of Clay shall occur in the 
limestone Rock itself, then the clay or shale in such fissures shall be faced with 
masonry, according to the direction of the Engineer or Engineers for the time 
being, and paid for according to the Schedule of Prices. 

Throughout the whole of this Cutting, the slopes of the Clay and Shale 
above the rock, and the Fencing and ditching, will be executed as for the rest of 
this Contract. 

The face of the Rock will not be required to be taken out to a smooth slope, 
but no projections or indentions on its face shall exceed 3 inches beyond the blue 
line of slope ; and if any loose lump or mass of rock shall occur in the slope, so as 
to be deemed insecure by the Engineer, then the said mass or lump of rock shall 
be removed at the charge of the Contractor. 

EXTENT OF WALLING AND EXCAVATION. 

The undersetting of the Rock in excavation No. 5 (the Ellsworth Cutting, 
vide Plate 22) extends from the point marked D to the point marked B in the 
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Section No. 1, a distance of 660 yards, and also between the points marked H and 
I, a distance of 440 yards. Of the length between B and D, the space B to E, 
extending 396 yards, will require inverts in addition to the walls and buttresses. 
The remaining space from E to D, 264 yards in length, and also the part 
included between H and I, extending 440 yards, as aforesaid, will only have the 
walls and buttresses, the inverts being omitted. 

However, as the shafts merely indicate at difierent points the depth and 
thickness of the various strata, such Strata in the intermediate distances may not 
be shown precisely correct upon the section ; and any increase or diminution over 
or under the quantity of work calculated from the section, will be added to or 
deducted from the amount of this contract, according to Schedule of Prices 
accompanying the tender. 

The central Drain will be carried beyond the point C to the end (A) of 
cutting No. 5, at the same level below the bottom of the cutting as where the 
walling exists, and at A to be diverted into one of the side drains at the foot of the 
embankment. 

DISPOSAL OF MATEEIAL OF EXCAVATION. 

The material yielded by Cuttings, marked on the Sections Nos. 1, 2, 3, and 
4, to be deposited in embankments, marked Nos. 1, 2, 3, and 4. The remainder 
of the material requisite for the completion of the said embankments, 1, 2, 3, and 
4, to be obtained from the cutting No. 5. 

The Embankments No. 5 to be formed entirely from the remainder of the 
material yielded by cutting No. 5. 

In this Contract the aggregate contents of the Cuttings being rather greater 
than the Embankments, the Contractor, after having supplied the quantity 
requisite to form the approaches to raised occupation roads, shall be at liberty to 
employ any remaining redundancy for ballasting the surface of the road, provided 
such redundancy consist of Rock or other material suitable for the purpose, and 
in conformity with that part of this specification wherein the Ballasting and 
laying of the rail is particularly described. 

Throughout this Contract the Cuttings consist of variable proportions of 
Eock, Shale, and Marie ; the Contractor will therefore be required, throughout the 
progress of the different excavations, to make such arrangements as will insure 
the Rock, Shale, and Marie being yielded from time to time by each cutting, in 
such proportions, and disposed of at each embankment in such manner, as will 
effectually secure the embankments being composed of shale and marie in the 
centre, with a covering of rock on the tops and slopes. 
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It is not intended, however, that the Rock shall in any way be set by hand, 
but merely trimmed into an uniform slope, and covered with Soil and sown with 
Seeds, as already stipulated under the head of embankments. 



GENERAL STIPULATIONS, 

Which are to apply to the whole qfthe Bridges , Culverts y and other Works 
wherein the workmanship or materials described may be used. 

BRICKWORK. 

The Brick made use of shall be hard, sound, square, well burnt, and of good 
colour. No broken bricks will be allowed, and no joint of mortar shall exceed 
one-quarter of an inch in thickness ; no difference of workmanship will be allowed 
in inside and outside work, and the whole of the joints shall be flushed up solid 
with mortar, and the outside joints neatly drawn. The bond may be either 
English or Flemish, as the Engineer may direct. 

MORTAR. 

The Mortar shall consist of fresh burnt Lime, equal in quality to that from 
Dudley, and sharp Sand, mixed in the proportion of three measures of sand to 
one of lime ; they must be mixed in a dry state, and well tempered by passing 
through a pug-mill, with a proper quantity of water. Should the Limestone 
obtained from the excavations in this Contract, or in any adjoining quarries, be 
deemed suitable for building purposes by the Engineer, the Contractor shall be at 
liberty to employ it. 

ROMAN CEMENT. 

The Roman Cement shall be of the best quality, recently made, and shall be 
mixed with an equal proportion of sand. None shall be made use of which has 
set or become dead. 

STONE WORK. 

Throughout this Contract, it is intended that all Stone required for bridges, 
walls, drains, or other works of the like description, shall be obtained from the 
excavation. Should, however, the stone found in the excavation be deemed insuf- 
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ficient, either in soundnesd or other quality, for the above pnrposes, the Con- 
tractor shall substitute brickwork or other stone work equal in quality to the best 
Derbyshire Bramley Fall, in such places as the Engineer may direct, allowance 
being made for the same according to the prices stated in the Schedule. 

VOUSSOIEES. 

The stones of Youssoires of Bridges must be neatly hammer dressed (except 
when directed otherwise) ; the joints chamfered ; the beds dressed true and 
smooth ; each Voussoire to consist of one stone not less than the full thickness of 
the arch, and to break joint into the body of the arch not less than as shown in 
the drawings. 

STRING COURSES AND FACIAS. 

String courses and facias must be fairtooled throughout, except at the back. 
No stone to be less than 2 feet 6 inches in length. The depths and widths, 
together with the forms, are fully described by the drawings. 

PARAPETS. 

The Parapet, when of stone, must not be in more than three courses in 
depth ; the stone must be neatly hammer dressed, and the beds and cross joints 
made perfectly smooth. The average of the stones must be 2 feet in length. 

COPING. 

Coping, when upon bridges which pass over the Railway, must be neatly fair- 
tooled ; the stones dowelled, and to be leaded together. No stone shall be less 
than 2 feet in length. The cross joints and beds shall be made perfectly true. 
The form and dimensions of the Coping are fully explained by the drawings. 

ARCHES. 

When Arches are of Stone^ to consist of stones not less than 24 inches on 
the soffit. All the surfaces must be hammer dressed perfectly true when they are 
in sight. The beds and joints to be chisel dressed, and accurately fitted. When 
the arches are of the Skew principle, especial care to be taken in working the 
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skew backs with planes, truly square with the spiral direction taken by the arch 
stones. Where counterforts are added, the arch stones must be made longer, so as 
to abut in the manner of an arch against them, and form a rib on the back of the 
arch, and continued as near to the crown as shown on the drawings. 

When Arches are of Brick^ they shall be laid either in concentric half-brick 
rings, or in such other manner as the Engineer may direct. In this case, the 
counterforts shall be bonded into the arch, as just described for stone arches. The 
courses of brick in the counterfort radiating, so as to correspond and bond into 
the arch. 

IMPOSTS. 

Imposts to arches shall be made of stone, of sufficient width in the beds to 
receive the whole thickness of the arch ; and no stone shall be less than 2 feet 
6 inches long ; and, where required, they shall be dowelled together. In cases of 
Skew arches, the skew backs must be cut or worked, so as to suit the direction of 
the springing of the courses. The stones to be dressed in the same manner as 
described under the head Arches. 



STONE FACING TO THE KOCK UNDER BRIDGES, &c. 

The Stone shall be in courses of from 8 to 12 inches in depth, worked in 
regular header and stretcher. The headers to be the full thickness of the wall, 
and the stretchers on an average 2 feet 6 inches long. The beds must be worked 
true. The bed and cross joints chamfered. The middle part of the stones, on 
their outside, to be left rough. 

COUNTERFORTS AND RIBS OVER ARCHES. 

Whenever Stone Counterforts or Ribs are placed upon the arches, they must 
be of good Ashlar work, and bonded into the thickness of the arch. The beds of 
the stone, as well as the cross joints, must all be dressed true. When they are of 
bricky they must be built either in the radiating direction of the joints of the 
arch, or in horizontal courses, as the Engineer may direct, but in all cases they 
must be of the same description of workmanship as the outside work. 
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RUBBLE BACKING. 

The Rubble Backing to arches shown upon the drawings, must be built of 
rubble stone, carefully levelled up every 12 or 14 inches, and thoroughly grouted 
with mortar of the kind hereinbefore described. 



SPANDREL WALLS. 

Spandrel walls, when of stone, shall be of good sound Ashlar, set in regular 
courses of headers and stretchers, from 8 to 12 inches in depth, but in no cases 
less than 8 inches. The headers shall be the whole thickness of the walls, and 
not less upon the point than 1 foot wide. The stretchers shall not be less than 
2 feet upon the point, and one-half of the thickness of the wall. 

The whole of their joints shall be neatly hammer dressed, excepting when 
described to be worked otherwise, and all the beds and cross joints shall be made 
perfectly true. 

The whole to be set in mortar, as hereinbefore described. 

When the walls are of brick, they must be of the description hereinbefore 
described under the head of brickwork. 

WING WALLS. 

Wing Walls, when of stone, shall be of the same description as that described 
under spandrel walls. 

EXCAVATING FOUNDATIONS. 

The Contractor is to excavate for the foundations of all Bridges, culverts, 
and other works ; to keep out the water, place dams, and provide all Centering, 
planks, and tools of every description, necessary to the perfect execution of his 
work, at his own expense, and to be included in the amount of his tender. And 
in case of the foundations of any of the works requiring, in the opinion of the 
Engineer, to be carried lower than is shown upon the drawings, the Contractor is 
to make such Extra excavation, and to do all Extra Pumping, or other contingent 
works incident thereto, at his own expense. 

The increase to the Masonry, or brickwork, or other matter constituting the 

N 



98 

foundations, caused by such additional depth, will be allowed as an Extra to the 
Contractor, according to the rate contained in his Schedule of prices. 

FILLING-IN OVER ARCHES. 

The space between the wing walls, arch, backing, and side of the excavation 
of bridges, to within 18 inches of the surface of the roadway, shall be filled in 
with broken Stone, where it can be got ; to be punned hard down, and if re- 
quired by the Engineer, to be mixed with a certain proportion of Lime. The 
metalling of the roadway, occupying the remaining 18 inches, is to be done as 
hereinafter described under the head of " Metalling of roadway to Bridges." If, 
in the opinion of the Engineer, it shall be advisable to substitute brick where stone 
is shown in the drawings, or vice versa, it shall be found by the Contractor ; the 
difference in expense being added or deducted, as the case may be, according to 
the rate given in his Schedule of prices. 

* All the Centering shall be constructed to the satisfaction of the Engineer, 
and all string courses, parapet walls, and coping shall not be put on until after the 
centres are struck, which in no case shall be without the permission of the 
Engineer. Great care must be taken that the bridge be so placed, that the out- 
side rails, when laid in their proper line, shall be equi-distant and parallel with 
the faces of the abutments. 

DRAINS UNDER THE BRIDGES. 

Drains must be constructed under one of the bridges on each side of the 
Railway, 15 inches wide at the top, 12 inches wide at the bottom, to be sunk as 
low as the drain at the outside of the ballasting, and will consist of a brick 
wall 14 inches thick, 3 feet deep, and equal in length to the width of the bridge, 
and as much more as shall be necessary to connect with the side drain at the 
outside of the ballasting. There will be two courses of brick to form the bottom. 
The whole will be laid in mortar in the same manner as described for the bridges. 



BRIDGE FOR ROAD FROM BOZENHAM MILL TO HARTWELL. 

This Bridge is to be built at a point where the Railway is about 37 feet 
embankment, and the direction of the arch will make an angle of about 51 degrees 
with the line of the Railway. The arch will be semi-circular, and must be built 
upon the skew principle for a distance of 10 feet from each end. Its span will 
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be 15 feet, height from road to soffit 16 feet, length 141 feet, and thickness 1 foot 
10^ inches. The material will be brick, excepting at the faces of the arch and 
the imposts, which will be of stone. The Wing Walls will be of brick, finished 
by square pillars of brick, and the whole coped with stone as shown in the 
drawings. The abutments will be strengthened at the back by means of 
counterforts. 

For description of materials and workmanship, see Greneral Stipulations. 

PAKTICULAR DESCRIPTION WITH REFERENCE TO 

DRAWINGS, Nos. 5 and 6. 

A. Abutments of 4 feet 6 inches thick carried up as high as the springing 

of the arch. 

B. Counterforts 3 feet square carried up 2 feet above the springing of the 

arch. 

C. Backing to the arch carried up 5 feet 4 inches above its springing. 

D. The brick Arch, 1 foot 10 i inches thick, and worked 10 feet in from 
each end, on the skew principle, the courses being made to tooth into the straight 
courses, as shown in the drawing. 

E. Stone voussoires at the end of the arch. They must be each equal to 
four courses of bricks on the soffit, and tooth into the brickwork. Their whole 
length (under, the arch) being alternately 1 foot 5 inches and 2 feet 6 inches, 
their height must be 2 feet, and they must project 1 i inches from the face of the 
brickwork, being the depth of the chamfered rustic joints. 

F. Stone imposts to be 9 inches deep, and not less than 2 feet long upon 
the bed. They must be cut to suit the direction of the skew back, and particularly 
in that part where the arch is worked upon the skew principle. 

G. Spandrel walls of brickwork. 

H. Wing walls of brickwork, built with a batter of 1 inch to 1 foot of height. 
I. Stone coping to wings to be 6 inches thick, and 1 foot 6 inches upon 

the bed. 

K. Caps of pilasters to be of the dimensions shown upon the drawings. 

BRIDGE FOR ROAD FROM STOKE BRUERN TO HARTWELL. 

This Bridge is situate in a part of the Railway where it is an embankment 
about 36 feet high, and the road will pass under at right angles to the Railway. 
The Arch will be of brick, 18 feet span and 16 feet high from the surface of the 
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road to its soffit. The coping and caps to the pilasters will be the same as that 
described for the bridge for road from Bozenham Mill to Hartwell, Drawings 
Nos. 5 and 6. The forms of the different parts will be sufficiently seen by refer- 
ence to Drawing No. 7. 

For description of materials and workmanship, see General Stipulations. 

BRIDGE FOR ROAD FROM ASHTON TO HARTWELL. 

This Road at present crosses the Railway where the latter is in embankment 
of 7 feet 6 inches, but it will be diverted, as shown upon the Field Plan No. 2 
and Drawing No. 20, so as to allow height for the road to pass under. The Arch 
will be of brick, of 15 feet span and 16 feet from the ground to soffit; thickness 
of the arch 1 foot 6 inches. The Wing Walls will be built at right angles to the 
Railway, and will terminate against pilasters in front of the arch. The stone 
coping and caps will be of the dimensions shown on the drawing, and worked as 
described in general stipulations hereto attached. The form and dimensions of the 
different parts will be seen in the drawing. 

For descriptions of materials and workmanship, see General Stipulations. 

BRIDGE FOR ROAD AT ONE MILE TWENTY-TWO CHAINS 

ON SECTION. 

The Railway at the crossing of this Road will be in about 33 feet 6 inches 
cutting, and the Bridge will cross at right angles to the Railway. The Arch will 
be a segment of stone of 32 feet 6 inches span, 18 inches thick, and 10 feet 3 
inches rise, 23 feet 8 inches from the rail to the soffit of the arch, and 15 feet in 
the clear between parapets. The rock forming the abutments at A must be faced 
with good Ashlar to support the imposts and protect the rock from weathering. 
The facing of the rock abutment will return round its sides 3 feet wider on each 
side than the outside of the bridge, until it intersects the slopes of the cutting. 
The dimensions and forms of the various parts of the bridge will be seen upon the 
drawing. 

For description of materials and workmanship, see General Stipulations. 

BRIDGE FOR ROAD FROM ASHTON TO ROADE. 

The Railway, at the crossing of this road, will be in about 24 feet 9 inches 
cutting. The Bridge will be built at an angle of 45 degrees with the direction 
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of the Kailway. The span of the arch will be 30 feet, upon a section taken at 
right angles to the Railway. The height from the rail to its soffit will be 18 feet 

8 inches, and the width, the clear between the parapets, 15 feet. The body of the 
arch will be of brickwork, 3^ bricks thick, and its quoins will be of stone, which 
will run in under the arch alternately 2 feet and 2 feet 6 inches. Each stone 
must be made equal to four courses of bricks on the soffit. The courses must run 
in a spiral direction, as shown upon the drawing ; and the imposts, as shown on 
Fig. 5, must be cut or worked to suit the proper direction of the springing of the 
skew courses. The stones of the imposts must be dowelled together, and run in 
with lead. 

For description of materials and workmanship, see General Stipulations. 

BRIDGE FOR ROAD FROM HARDINGSTONE TO OLD STRATFORD. 

This Bridge is for the crossing the Railway where it is 33 feet 3 inches cutting, 
and must be built at an angle of 53^ degrees to its direction. The span of the 
Arch will be 53 feet 6 inches upon the skew face, and its rise 8 feet 10 inches. 
The height from the rail to the soffit will be 26 feet 2 inches; the thickness of the 
arch (which will be entirely of stone) at the key will be 3 feet, and the springing 
4 feet. The width, in the clear, between the parapets, 20 feet. 

The Shale and Marie, marked A, upon which the rock rests, from which the 
bridge springs, will require to be faced with Ashlar work, extending 10 feet on each 
side of the bridge, and of the thickness shown upon the drawings. 

An invert (B) of rough stone must be made across the Railway, between the 
facing walls, and extend a certain distance on each side of the bridge as shown in 
the drawing. The courses of stone composing the invert will be built square with 
the line of Railway ; but the courses of stone composing the arch of the bridge 
will be laid in a spiral direction, as usual in skew bridges, and as is shown in Draw- 
ing No. 10, Fig. 2. The bridge for road from Ashton to Roade, and where they 
intersect the springing of the rock must be cut or toothed, as shown in Fig. 5, 
Drawing No. 10, to receive them. The whole of the remainder of the bridge will 
be built of stone. 

For description of materials and workmanship, see Greneral Stipulations. 

BRIDGE FOR ROAD FROM ROADE HYDE TO ROADE. 

This Bridge will be at a part of the Railway where it is about 35 feet 

9 inches cutting, and will be square to the direction of the Railway. The span 



102 

of the Arch will be 45 feet, and its rise 10 feet : thickness of the arch at the key , 
2 feet 6 inches; thickness at the springing, 3 feet; the width between the 
parapets will be 15 feet clear. The whole of the bridge will be of stone: the 
dimensions are shown upon the drawing. 

For description of materials and workmanship, see General Stipulations. 



BKIDGE FOR ROAD FROM ROADE TO PLANE WOODS. A. 

This Bridge is upon a part of the Railway where it is about 46 feet 4 inches 
cutting, and will be built square to the direction of the Railway. The span of 
the Arch will be 45 feet 2 inches, rise 18 feet, thickness at the key 2 feet 
6 inches, and at the springing 2 feet 9 inches; width between the parapets, 
1 5 feet in the clear. It is intended to be built entirely of stone. The dimensions 
and forms of the various parts are shown upon the drawing. 

For description of materials and workmanship, see General Stipulations. 



BRIDGE FOR ROAD FROM ROADE TO PLANE WOOD. B. 

Vide Plate 23. 

This Bridge is in a part of the Railway where it is about 52 feet 4 inches 
cutting. The Arch will be a semicircle of 46 feet span, thickness at the key 
2 feet 6 inches, thickness at the springing 3 feet, width in the clear between the 
parapets 15 feet. The bridge is intended to be entirely of stone. 

For description of materials and workmanship, see General Stipulations. 



BRIDGE FOR ROAD FROM ROADE TO BLISWORTH. 

This Bridge will be built in a part of the Railway where it is about 53 feet 
6 inches cutting, and it will cross at right angles. The span of the Arch will be 
48 feet 4^ inches, rise 18 feet 9 inches, thickness at the key, 2 feet 6 inches, 
thickness at the right course, above the springing, 2 feet 6 inches ; width in the 
clear between the parapets 15 feet. The bridge is intended to be built entirely 
of stone. The dimensions and forms of the various parts are shown upon the 
drawing. 

For description of materials and workmanship, see General Stipulations. 
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BRIDGE FOR ROAD FROM BLISWORTH TO COURTEENHALL. 

Vide Plate 24. 

This Bridge is on a part of the Railway where it is in about 55 feet 3 inches 
cutting and will be built at an angle of 56 degrees with the direction of the 
Railway. The Arch is to be of stone, and to be strengthened, as shown, by 
4 counterforts of Ashlar work. 

Span of Arch on the skew face 63 feet, rise of arch 13 feet, thickness at the 
key 2 feet 6 inches, thickness at the springing 3 feet 6 inches, width in the clear 
between the parapets 18 feet. The dimensions of the various parts are shown 
upon the drawings. 

For description of materials and workmanship, see General Stipulations. 



BRIDGE AT THE ROAD FROM TOWCESTER TO COTTON END. 

Vide Plate 25. 

This Bridge is on a part of the Railway where it is in about 38 feet 9 inches 
embankments, and will be built square to the direction of the Railway. The 
Wings will be built parallel to the Railway, and will be pierced with arched 
openings. The span of the Main Arch, 30 feet, to be composed of brick, faced 
with stone, which will be worked with archivolt mouldings. No stone forming 
the front of the arch must be less than 2 feet long, measured on the circumference 
of the soffit of the arch, and they must tooth into the brickwork, so that the 
stones may be 1 foot 6 inches and 1 foot 1 inch in length, under the arch 
alternately, and also on the return of the groins of the abutments, which will also 
be faced with stone. The arch will also be faced with stone, and have archivolt 
mouldings. The fronts of the pilasters must be faced with stone, in courses 
of not less than 12 inches in height, consisting of regular headers and stretchers. 
The headers must be not less than 18 inches long, and 14 inches wide. The 
stretchers not less than 3 feet long, and 9 inches wide. 

The fronts of the Pilasters, stone facing to main and side arches, key stones, 
facia cornice, dentils, plinth to parapet and coping, must be smooth chisel dressed, 
and the beds must be made true and level. The Wing Walls will be pierced by 
openings, and they again will be intersected by other openings, at right angles to 
the former, so that the Transverse Arches will be resting upon piers only. 
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The whole of the details of form and dimensions will be seen upon the 
drawings. 

For description of materials and workmanship, see General Stipulations. 

FORMATION OF ROADS OVER AND UNDER BRIDGES, 

AND METALLING THE SAME. 

Where the necessary backing to the bridges shall have been filled in, and 
duly completed, to within 1 foots 6 inches of the surface of the existing or 
intended road, then a coating (6 inches thick) of Stones, broken to a gauge ring 
of 3 inches diameter, shall be properly spread and levelled ; ' and on this another 
coating (also 6 inches thick) of Stones, broken to a 2 -inch gauge ring, shall be 
laid and properly levelled. This being duly performed, the traffic of the road 
shall be allowed to pass over the new road. And when the new material has 
been sufficiently consolidated, in the opinion of the Engineer or Engineers for the 
time being, but previous to a surface crust being formed, then a further coating 
of Stone or Gravel, of a size and quality corresponding with that constituting the 
surface of the existing roads, shall be laid, of sufficient thickness and form so as 
to render it in every way agreeable to the form of such existing road: due 
allowance being made for sinking and compressing of the loose material. 

Previous to the last coating of Stone or Gravel being applied, and also after- 
wards, until all the works included in this contract are completed, the surface of 
such roads shall be kept in proper form ; the ruts being filled in, and all settling 
from sinking and compressing made good. And if there are on the existing roads 
any Footpaths, then similar ones shall be made, of the same form and dimensions, 
and of similar materials to those of the existing roads, at the charge of the 
Contractor. 

It being further understood, that this Metalling shall extend for the whole 
width between the abutments or parapets of all the Bridges, and shall be con- 
tinued beyond such abutments and parapets of the width and form of the existing 
roads, until its junction with the line of such roads. Through the extent of all or 
any of the diversions, the top soil shall be removed, and the level of the surface 
formed, so as to rise or fall from each commencement of such diversion to the 
lowest or highest parts of such diversions uniformly. 

The metalling and footpaths for such diversion being excavated, as herein- 
before described for the roads over or under bridges. The gravel or Stones 
composing the existing line of road, when it is requisite, shall be Excavated and 
removed, and also the fences grubbed up, and left for the use of the owners or 
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occupiers of such land ; the vacuities and irregularities on the surface occasioned 
thereby, shall be levelled and made good by the soil from the new line of road, 
and if that is not sufficient, from the soil on the line of Railway. 

The Fencing to make good to the ends of the parapets or abutments of the 
bridge ; and for the extent of diversions, shall be executed in accordance with 
that hereinbefore described for the permanent fencing of the Railway ; and where 
a ditch is not to be made, then an additional line of posts and rails shall be used 
in lieu thereof. 

It is expressly stipulated, that in all cases wherein (in the execution of the 
works herein specified) any part of any carriage or horse or other Road, either 
public or private, shall be found necessary to be cut through, raised, or sunk, 
taken, or so much injured or interfered with that the same shall be rendered 
impassable or inconvenient for passengers or carriages, or the persons entitled to 
the use of such road, the Contractor shall, at his own expense, before any such 
road shall be so cut through, raised, sunk, taken, injured, or interfered with, as 
aforesaid, cause *' another good and sufficient Road," as the case may require, to 
be set out and made in place of same ; and maintain and keep the same in repair 
during the continuance of this Contract, or until the principal road shall be 
restored, and rendered as convenient for passengers and carriages as the said road 
to be cut through, sunk, taken, injured, or interfered with, as aforesaid, or as 
near thereto as may be. 

And whatever Agreement the Railway Company, by their Act of Parliament, 
shall be liable to perform with the Trustees of any road or roads, regarding the 
construction of such temporary roads during the continuance of the works, or the 
regulating of any of these works in connexion with these roads : 

It is further stipulated, " that the Contractor shall become liable for the due 
observance of the same ;" and if he fail in this, then the amount of any fines or 
penalties which the Company shall become answerable for, shall be deducted from 
the amount of his Contract. 

CULVERTS. 
Vide Plate 21. 

The Culverts must be built in the situations at the angle, and of the size 
shown upon the General Section, the form and particular dimensions to be as shown 
upon the Drawing No. 21. 

Each Culvert must be placed so as to afibrd a fi*ee and uninterrupted passage 

for the water. 
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The foundations must be cut out as nearly the size of the brickwork as 
possible, and the vacant spaces must be punned up to the surface of the ground. 

The brickwork of the Side Walls and Wing Walls must be laid on English 
bond, and the Arch and Invert in separate half brick rings. 

The materials and workmanship, and general instructions, must be similar to 
that described under the head of materials and workmanship, see General Stipula- 
tjions. 

All Culverts exceeding 4 feet in diameter, shall be covered with Clay 2 feet 
above the top, and 4 feet on each side, well punned in layers of 1 foot in thick- 
ness, and at least 500 cubic yards of earth shall be placed uniformly on each 
culvert, before the embankments shall be allowed to come upon it. 

Wherever the direction or position of the Culvert does not correspond with 
that of the stream, the course of the latter shall be altered, so that the water may 
be conducted to and from each end of the culvert, in the manner best suited for 
facilitating the drainage. 

The clause describing " The Ballasting and Laying the Permanent Way*' is 
similar to that specified in Contract 5 B, hereinbefore given, (vide page 71.) 

EXTRA, OR CONTINGENT WORKS. 

FENCE GATES. 

The Fence G^tes are to be made of the form and dimensions shown in the 
Drawing No. 26. 

The heels and the heads are to be of good English Oak, sawn out to the proper 
dimensions, and morticed for the reception of the horizontal bars. 

The horizontal bars are to be five in number, of cleft oak, and smoothed 
aver. The ends must fit the mortices of the heels and heads, and be secured by 
oak pins. 

The diagonal Braces are to be similar to the bars, to which they must be 
firmly nailed. The nails to pass through both, and have their points clenched. 

The posts to be of oak, the top sawn to the dimensions and form, with a 
small cap on each. That portion of the post to be placed under the surface of the 
ground to be charred. 

The gate irons shall be of the form shown in the drawing. 

The gates must be firmly fixed in the line of. the quicksets, and the wood 
railing neatly joined to the gate posts. 

The gates and posts must be painted with two coats of white or stone coloured 
paint. 
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EXCAVATIONS AND EMBANKMENTS OF SLOPED OCCUPATION 

ROADS. 

These Excavations and Embankments are to be made in the same manner as 
those upon the line of Railway, and with Slopes, as may be directed by the 
Engineer. The contents of the excavations shall be conveyed to the nearest em- 
bankment upon the line of Railway, or to the nearest spoil bank. 

The Embankments are to be formed with the surplus materials in the exca- 
vations upon the line of Railway, should such exist, but if not, they must be made 
with material obtained from one or more of the excavations upon the line of rail- 
way (as may be fixed by the Engineer) by altering the slopes so as to aflford a 
sufficient supply; and the Contractor shall be paid for the same at the rate 
specified in the Schedule of prices. 

But whenever there is a surplus of materials, the Contractor shall employ 
the same in forming the Approaches to occupation bridges or sloped roads, should 
,such be required, and the cost of so employing it shall be considered a part of his 
Contract, to which the stipulations and prices for extra works do not apply. 

METALLING OCCUPATION BRIDGES. 

This is to be done in the manner as described in the specification of formation 
of roads over and under bridges, and for diversions. 

PAVING CROSSINGS. 

All the roads crossing the Railway without bridges are to be paved in the 
manner shown in the Drawing No. 25, with good 6 or 7-inch paving of Leicester 
granite, or other granite equally good. The Paving must be laid on a bed of fine 
clear gravel of 12 inches in thickness, in a solid and substantial manner. 

The paving Stones must be cubes as nearly as possible. 

Each rail must be protected by two iron Bars, as shown in the Drawing 
No. 25 ; they will be considered as part of the rails, and will be provided by the 
Company. 

OCCUPATION BRIDGES. 

Those under embankments are to be similar to that at the road from Bozen- 
ham MiU to Hartwell, Drawing No. 5. 

o2 
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Those over cuttings to be similar to that for road at 1 mile 22 chains, 
Drawing Xo. 9. It being understood that the specification for the above bridges 
referred to are to apply to the occupation bridges. 

CULVEETS. 

The Culverts are to be built in the same manner as those previously 
described in the former part of the Specification ; they are to be built of the 
forms and dimensions shown in Drawing No. 21, the sizes being selected to suit 
the particular situation. 

i 

LAYING AND BALLASTING PERMANENT SIDINGS. 

The Sidings are to be laid in such positions and of such lengths as may be 
directed by the Engineer. They must be laid in form and manner shown in Drawing 
No. 22. 

The Contractor will be required to take up any part of the rails pre- 
viously laid that may be found necessary ; to cut them into their proper lengths for 
the reception of other iron work, to relay them, and to fix all the necessary cross- 
ing plates, check rails, moveable points, or sliding rails, with the requisite 
machinery for moving them. 

The whole must be made equally as firm and substantial as the other parts 
of the permanent way. 

The Specification of the Permanent Ballasting already described must be 
considered equally applicable to the construction of the Sidings. 

TIME OF COMPLETION. 

The whole of the Works in this Contract are to be completed within the 
space of two years from the date of signing this Contract, and the Contractor 
shall be bound to uphold and keep in good order the whole of the works for the 
space of one Year after the works shall have been so completed. 

RATE OF PROGRESS. 

At or before the 22nd day of October, 1835, the Excavations, Nos. 1, 2, 3, 
and 4, referred to in the aforesaid Specifications, plans, section, and drawings, 
shall be performed and completed. On or before the 22nd day of October, 1835, 
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not less than 70,000 cubic yards shall be excavated at the situation marked with 
the letter A in the Cutting No. 5, and referred to in the said specification, and 
removed to the embankment or embankments as is directed in the aforesaid speci - 
fication. On or before the 22nd day of April, 1836, not less than 70,000 cubic 
yards shall be excavated at the situation marked with the letter I, in Excavation 
No. 5, referred to and described in said specification hereunto annexed, and 
removed as aforesaid ; and after the 22nd day of April, 1836, at the situation 
marked with the letter I, in Excavation No. 5 ; and after 22nd day of October, 
1835, at the situation marked with the letter A, in Excavation No. 5, each 
described and referred to as aforesaid. The said (Contractor) shall excavate and 
convey to the several embankments not less than 25,000 cubic yards per Month, 
at each and every of the aforesaid places in each and every of the following 
months of April, May, June, July, August, and September ; and also 20,000 
cubic yards at each and every of the above places as aforesaid, for each and every 
of the following months of October, November, December, January, February, and 
March, until the completion of the said excavation ; it being proposed that, under 
this arrangement, the whole of the excavations and embankments contracted to be 
executed by the said (Contractor) under this Contract, shall be completed and 
finished within two Years and a half from the date of the same Contract, all 
which said places and works are mentioned in the said specification hereunto 
annexed. 



KILSBY TUNNEL. 

Vide Plate 31. 

The formation of this Tunnel has been found more difficult than was 
anticipated. It is 2398 yards in length, and is the most formidable undertaking 
on the line; having cost from £125 to £130 per lineal yard, which great expense 
was incurred in pumping, a quicksand being found to extend over about 450 
yards of its length. The brickwork is principally 2 feet 3 inches in thickness, 
and is executed in Roman, or otherwise in metallic, cement. It is divided into 
three lengths by two large ventilating shafts, each of 60 feet diameter. They 
were carried down to the necessary level in four bricks thick, in cement, by a 
system of underpinning, and in lengths from 6 to 10 feet deep at a time. 



WATFORD TUNNEL. 



SPECIFICATION. 

This Tunnel commences in the Merton College Estate, in the township of Cashio, 
in the parish of Watford, and terminates in the estate of the Earl of Essex, in 
the parish of Lees, or Abbott's Langley ; the length is 78 statute chains ; its 
other dimensions, precise situation, and the construction of its several parts, are 
minutely described, delineated, and set forth in the Plan and Section of the Rail- 
way, and in Drawings Nos. 40 and 41. The area of ground above the Tunnel, 
to which the Contractor must confine his operations on the surface, is 1 statute 
chain in width for the whole length of the tunnel. The whole space along the 
top of the tunnel, 1 chain in width, is to be fenced off on both sides with the 
temporary Fencing, which must be made to unite with the other fences, either 
temporary or permanent, at the ends of the tunnel. These temporary fences are 
to be removed after the completion of the Tunnel, and no permanent ones to be 
erected in their stead. All the general stipulations in the Specification, with 
respect to the extension of land, &c.. are applicable to this part of the Contract, 
where no special directions are given. 

The Tunnel is to be composed of a Brick Arch, nearly semicircular, sup- 
ported by curved side walls standing on stone footings or skewbacks, which are to 
rest on the counter or inverted arch forming the base of the tunnel. The ends of 
the tunnel will be made with wing walls, as shown in the drawings. 

A cast iron Plate is to be built into the arch, near the mouth of the tunnel, 
and connected by bolts to a second similar plate built into the arch, 100 feet dis- 
tant from the first plate. 

MATERIALS. 

AH the Bricks used in the Tunnel, the mouths of the tunnel wing walls, and 
all the shafts, must be good, sound, well-burnt, hard grey-stocks. The freestone 
shall be Bramley Fall, or other stone equally good, perfectly sound, and free from 
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flaws. The cast iron and wrought iron must be of the best qiiality. The strength 
of the wrought iron bolts and their couplings must be proved by their being sub- 
jected to a chain of twenty-five tons each, before being used in the tunnel. 

The Mortar to be used in the Tunnel shall be made with the best fresh- 
burnt Merstham or Dorking lime, or other lime which the Engineer may deem 
equally good. It shall be ground under edge-stones in its dry or unslaked state. 
The sand must be sharp clean sand, and shall be mixed with the lime in the pro- 
portion of three measures of sand to one of lime. 

The Lime and Sand must be well mixed and worked with a proper quantity 
of water through a pug-mill, as required for use. 

The Contractor shall sink six working Shafts on the centre line of the 
tunnel, at convenient distances. They shall not be less than 8 feet diameter 
within the brickwork, which shall be of the thickness of one brick length. 

Each shaft shall be of the same diameter from top to bottom, perfectly 
cylindrical, free from bulges and other distortions. The brickwork shall be laid 
in two half-brick rings, with the joints properly broken, and flushed in solid with 
mortar. The bricks must be moulded to fit the circumference of the shaft. 

Where each shaft intersects the top of the arch of the Tunnel, a cast iron 
curb or ring of the same diameter as the shaft shall be inserted in the brickwork 
of the arch, and upon which the shaft must be built. No wood curbs will be per- 
mitted to be used in the brickwork of the shafts. 

The Contractor must sink an Air Shaft at the distance of 50 yards on each 
side of each working shaft, unless the said distance of fifty yards shall fall in any 
road ; in which case, the air shaft must be sunk as near thereto as practicable. 

The Contractor will be at liberty to sink as many other air shafts as he may 
think proper. The diameter of these shafts must not be less than 3 feet 6 inches 
within the brickwork. At their intersection with the brickwork of the arch of 
the tunnel, they must stand upon cast iron curbs, exactly similar to those specified 
for the working shaft; and the air shafts must, in every particular, except as to 
their diameter, be made in the manner hereinbefore specified for the working 
shaft. 

After the completion of the Tunnel, the brickwork of the working and air 
shscfts must be carried up to a height of 10 feet above the surface of the ground, 
and finished with a coping stone 6 inches thick at the inner circumference, and 
4^ inches at the outer circumference. The width of the coping is to be 15 inches, 
projecting 1 inch on the outside of the brickwork, and throated. 

When any water may occur in sinking, it must be completely excluded from 
the shafts or tunnel by a lining of puddle behind the brickwork of the shafts, or 
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by laying the brickwork in Roman cement, or by the adoption of any other means 
which the Engineer may consider necessary. 

The Arch and Side Walls are to be two bricks thick ; the invert, one brick 
and a half thick throughout the whole length of the tunnel, unless the stratum 
through which the tunnel shall pass, should, in the opinion of the Engineer, 
require either a greater or a less thickness of brickwork in any part of the walls 

of the tunnel. 

Whenever required to do so, the Contractor shall make the brickwork of the 
tunnel in any part thereof, of such thickness as the Engineer may direct. 

The Contractor is to be paid for any increase in the quantity of brickwork 
or excavation, and he is to be charged for any decrease at the rate specified in the 
Schedule. 

The counter-arch, or invert, of whatever thickness it may be, shall be care- 
fully laid and bound. The side walls shall be laid in English bond. 

The arch, if of the thickness of one brick and a half, shall be built or com- 
posed of three several half brick rings, if of the thickness ol' two bricks, it shall 
be built or composed of four several half brick rings, and so on, and each half 
brick ring shall contain five courses of bricks more in number than the inner one 
immediately preceding it. The footings or skew backs of the side walls shall be 
made of Bramley Fall stone, or other stone equally good for the purpose, and of 
the sectional form shown in the drawing. 

The length of each stone must not be less than 3 feet. There must be a 
bed of brickwork under the stone footing or skewback, extending from the 
inverted arch, as shown in the Drawings. The skewback must be well bedded in 
the brickwork. 

The mortar used in the brickwork shall be as little in quantity, and as uniform 
in thickness between the joints, as is consistent with making the work firm and 
solid throughout, the longitudinal courses must be laid perfectly straight, in the 
direction of the tunnel, and must be parallel in every direction with the surface 
of the rails. 

If at any time before the termination of the Contract, the regular continuity 
of the brickwork of the tunnel should be destroyed, arising either from irregular 
shrinking or settlement of the arch, or imperfection in the centres, or any other 
cause whatsoever, the Contractor must remove and amend the irregularities in a 
satisfactory manner. 

Whenever water may occur, or flow into the tunnel, and it may be deemed 
expedient by the Engineer to lay any part of the brickwork in the best Roman 
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cement, the Contractor shall be paid for so doing, such an additional sum per rod 
of 306 cubic feet as may be stated in the Schedule of prices. 

EXCAVATION. 

In no case shall the excavation be carried more than 6 feet in advance of the 
brickwork ; and should any change in the strata occur, which may, in the opinion 
of the Engineer, require the distance to be reduced, the Contractor shall regulate 
the distance by the directions of the Engineer. 

In making the excavations, great care must be taken that they do not ex- 
ceed the area necessary for the reception of the brickwork ; but such may unavoid- 
ably be the case. The vacant space between the sides or roof of the excavation 
and the brickwork of the tunnel shall be filled in with chalk, broken small, and 
rammed in hard and solid with beaters, so as efiectually to prevent any distortion 
in the form of the tunnel from irregularity of pressure. 

The foundation for the reception of the invert or counter arch shall be cut 
out of the exact form and depth required, before any part of the brickwork of the 
corresponding portion of the tunnel shall be laid ; and if any faulty places shall 
occur in the chalk or other stratum forming the floor of the excavation, the faulty 
places must be made good by being filled up. 

Whenever the faces of the excavations, carried on by means of two contiguous 
shafts, shall approach within 50 yards of each other, the Contractor shall then 
drive a heading quite through, and join the workings before he proceeds with the 
erection of any more of the brickwork of the tunnel. 

No shaft whatever shall be permitted to be sunk in any public or private 
road which may cross the line of the tunnel. 

About 1700 yards of the excavation from the tunnel will be required for the 
embankment over the Colne Valley, and the whole of the remainder will be re- 
quired for the embankments beyond the north end of the tunnel ; all the material 
which shall be excavated from the tunnel, whether brought out at the ends or 
taken up the shafts, must be conveyed into the embankments at the ends. 

In the execution of this part of his Contract, the Contractor shall provide 
all the necessary materials and machinery for executing the work; make all the 
necessary shafts, bore holes, and perform every operation necessary for completing 
the work in the manner intended in the Specifications. All the machinery, cen- 
terings, &c., must be constructed in such a manner as the Engineer shall approve. 
Any damage done to the land by the falling of the surface during the execution of 
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the work, shall be paid for by the Contractor. Marks and signals will from time to 
time be given to the Contractor by the Company's Engineers, for the purpose of regu- 
lating the direction and level of the tunnel ; and the Contractor shall be at the 
expense of erecting any temporary or permanent marks or signals which may be 
considered necessary for giving the direction and levels with the required accuracy. 
The slopes of the ground over the ends of the tunnel are to be made at an inclina- 
tion of one to one, and a ditch must be formed at the top, similar to those at the 
tops of the excavations, and must communicate therewith. The slope must be 
made with puddle, as shown in the Drawing. A cast iron drain, as shown in the 
Drawing, is to be laid in the bottom of the tunnel, midway between the two lines 
of Railway, and through the whole length of the tunnel. The connexions of the 
several pieces must be properly and accurately made, and the drain must com- 
municate with the side drains of the excavations by two cast iron side branches 
at each end. 



RAILWAY TURN-TABLES. 



Vide Plates 34, 35, 56, 57, and 58. 



The Turn-table consists of a circular table furnished with rails, which is 
secured to a strong centre moveable pivot, and the table rests at its extremities 
upon small rollers. The pivot turns in a socket properly prepared to receive it, 
and the latter is borne upon cast iron arms extending from the centre to a circular 
iron plate, which also serves as a curb for the rollers to run upon. The lower 
curb frame is founded on brickwork; and in the case of a turn-table being 
required on an embankment, it is necessary to carry the bearing walls down to 
the solid ground. 

The Turn-tables on railways are sometimes made sufficiently large to take an 
engine and tender upon the platform together, by which much time is saved, as 
that upon the London and Greenwich Railway at Greenwich. These large ones 
are turned by means of a rack and pinion, instead of by the mere leverage 
obtained by pushing the vehicles to the position required. 
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SPECIFICATION OF 12 FEET TURN-RAILS. 

Vide Plates 34 and 35. 

The Turn-rails are to be 12 feet in diameter, and all of cast iron, except 
where otherwise described. 

The Table is to be hung to and turn upon a centre Pivot, marked A 
upon the drawing, and 8 cast iron Rollers, B B, which work upon wrought iron 
Arms, C C, radiating from a wrought iron Hoop, D, the whole working round the 
centre Pivot. 

The whole table is to be enclosed by a cast iron Ring, £ E, 12 feet 7 inches 
in diameter on the outside, and 1 foot 8 J inched deep. Upon this Ring the cir- 
cular Rail, F F, is to be cast for the rollers to work upon ; the centre diameter of 
this Rail to be 11 feet 3 inches, and its width IJ inches. 

The outside Ring is to be cast in two parts, and bolted together by means of 
flanches and screw bolts three in number, each 1 inch diameter, on each side, as shown 
in the drawings at G G. The section of Ring is shown in the drawings, with the 
respective thicknesses marked thereon. 

The top, or Table, consists of four principal Arms, marked 1 1, traversing 
the tables at right angles, 9 inches deep at their centres, and 6f inches at 
their ends. Also four Arms radiating from the centre piece to the corners 
formed by the others; these Arms are marked K E in the drawings, and are 8 J 
inches deep at the centre piece. Holes f of an inch diameter are to be cast 
in the first named arms, for fastening the Railway bars or Rails to the table. At 
the extremity of these arms is the circular Rail M M, for working or bearing 
upon the rollers ; its centre diameter being 10 feet 3 J inches, and its width 2 inches ; 
the Section of which, with the respective thicknesses marked thereon, is shown in 
the drawings. 

In the centre piece four Holes are to be cast for receiving 1 1 inch screw bolts, 
for hanging the table to the centre pivot. The space between the principal arms 
are to be left open, and the Grating to be of the shape shown in the drawings, 
and to be put on afterwards. 

The table to work upon eight cast iron Rollers, B B, of the shape shown in 
the drawings, and 10 inches diameter; to have a hole bored out in their centres 
for a f of an inch rod to work in freely. The periphery of each roller to be 
turned. These rollers to work between two wrought iron Hoops, P P, five-eighths of 
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an inch thick and two inches deep, and made in two parts ; and upon eight wrought 
iron Arms, C C, f of an inch diameter ; each of these arms to be screwed into the 
hoops, and a nut, Q Q, screwed up tight against them. The other extremities of 
these arms are to be screwed into another wrought iron Hoop, D D, 2 inches deep, 
and 1 inch thick : the inside diameter of this hoop to be 5 inches, and to be turned, 
so as to work round the collar on the centre pedestal R. The Collar for the hoop 
D to work upon must be turned. 

The centre Pedestal is to be of cast iron, having a Hole, 3 inches diameter, 
and 5 inches deep, bored out of its centre. A brass Step, S, 2 inches thick, is to 
be put into the bottom of this hole, for the pivot to work upon; four Holes, 1 inch 
diameter, to be cast in the feet of the pedestal, for fastening it to the stone block. 
The centre pivot, A, is to be of cast iron, 13 inches long, including the head, 
which is to be 1 inch thick, and 10 inches diameter, with four holes, each 1 J inches 
diameter ; that part of the Pivot working in the pedestal to be 3 inches diameter, 
with a rounded end, as shown in the drawings, the working part of the Pivot is to 
be turned : the remaining part of same to the underside of the head, is to be four 
inches diameter. A Hole, V, is to be cast in a slanting direction, down to the 
Pivot, for the supplying of oil to its working parts, so that it shall run into the 
pedestal at the side of the pivot. 

The table is to be hung to this pivot by four screw bolts, each 1 J inch 
diameter, in such a manner that the table may be eased off or lowered on to the 
rollers at pleasure. The heads of these Bolts to be counter-sunk into the centre 
piece, as shown in the drawings. On the surface of the table two Lines of Rail- 
way must be fixed, at right angles to each other ; the distance between the rails 
inside to be 4 feet 8 J inches. The bars or rails, W W, are to be of wrought iron, 
3 inches broad, and 2 inches thick, and of the shape shown in the drawings; 
bolted to the principal Arms with | of an inch screw bolts, the heads being counter- 
sunk into the rails. Four sets of wrought iron Inclined Planes are to be fixed at 
the intersection of the rails, for the flanches of the wheels to run upon when pass- 
ing the openings. A Latch, X, is to be fixed to the table, and two Catches, Y, Y, 
are to be cast on the outside rim at right angles to each other, for holding the 
table in the required position. 

The whole of the materials and workmanship to be of the best possible 
description, and the Contractor is to uphold all the several parts for the space of 
six Months, replacing any unsound castings, or imperfect workmanship. 

The Company's Engineer, or any person whom he may. appoint, may reject 
any Turn-Rail, or part of one, which he may think is not sufficiently sound. 

N.B. The top, or table, may be cast in two parts. 



SPECIFICATION FOR A FIRST-CLASS COACH, 



FOR THE LONDON AND BIRMINGHAM RAILWAY. 



THE BODIES. 

Each coach is to consist of three bodies or compartments, as represented in 
the annexed Drawing, Fig. 1, the extreme length, outside measure, being 15 feet 
6 inches ; the length of each body 4 feet 1 1 inches, the breadth 6 feet, and the 
height from floor to roof 4 feet 6^ inches, all inside measure, and exclusive 
of stuffing. The frame- work of the bodies must be made of well-seasoned ash, of 
the following dimensions: for the bottom sides 2 J inches by 4^ inches; standing 
pillars at the comers and doorways (twenty in the three bodies) 2 J inches, with 
a sweep 3 inches at the widest part, and the turn-under 2^ inches, the standing 
pillars in the doorways being strengthened at the bottom by uprights of birch, 
firmly screwed to the seat rail; the top rails 2^ inches by 1 J inch; cross bars for 
the two ends (four in each) 2 J inches by 2 inches, with battens of ash between, 
2^ inches by 1^ inch, and not less than twelve of them at each end; the cross- 
bars across the divisions (one for each) 2 J inches by 1 inch; the seat rails (ten 
in three bodies) 1^ inch by 2^ inches; the hoop sticks to support the roof (four 
in the two end bodies, and three in the middle body) 2 J inches wide by 1 inch 
and 5-8ths thick; the sides to be battened with ash of the same strength, and in 
the same manner, as the end of the coach; the flooring of American pine, 1^ inch, 
plated underneath with three strap plates of wrought iron, 1^ inch wide by a J of 
an inch thick from end to end, secured by about one hundred clip-headed bolts 
and nuts ; the divisions between the bodies of the same f of an inch thick ; seat- 
boards of the same, also f of an inch ; the roof of the same, also to be f of an 
inch ; to be covered with three hides, weighing not less than thirty-eight pounds 
each, protected on the top with ribs of ash screwed on, 3 inches apart, 2 J inches 
broad by 5-8ths of an inch thick. The roof to be bound with a beading of ash 
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l^ inch square, screwed on and projecting, so as to allow of the rain to drop clear 
of the panels ; to be channelled, and to stand somewhat higher over the doors ; 
seats, £, at both ends of the roof, to hold two persons on each, with iron seat rails, 
F ; three steps, G, on each side, and two iron handles covered with leather at each 
end to mount; and a foot-board of birch, H, supported underneath with iron 
stays. The roof, for the space of 8 feet 6 inches, to be fenced along and across with 
luggage rails, D, 5-8ths of an inch in diameter, of iron, supported at intervals 
with uprights, 4^ inches high, and an oiled canvas luggage sheet, with straps 
complete, of dimensions sufficient to extend over the same. The whole of the 
exterior of the coach to be panelled with well-seasoned panel board, the upper 
quarters, B, ^ an inch thick, lower quarters. A, 5-16ths of an inch thick, and 
ends ^ an inch, C, Fig. 3; the panels, before being fixed, to be covered with 
canvas, glued on, and when fixed, which must be done with copper sprigs, 1 inch 
apart, they must have glued on them a second lining of canvas. The mouldings 
to be of brass, and blacked if required. Brass door and side handles ; two lamp 
irons to each coach, and two large-sized lamps, upon an approved principle. The 
windows (two in each body) to be of good plate glass, 22^ inches by 19 inches, 
and not less than 5-16ths of an inch thick; and. the frames to be made of well- 
seasoned oak, 1^ inch broad, and to be covered with strong black velvet, or 
painted, filled up, pumiced, and varnished, as may be required; small leather 
pads, stuffed with horsehair, to be put at the bottom of the glass stop, for the 
glass to fall upon when let down. The painting to consist of three coats of white 
lead or colour, and four coats of filling up; after being pumiced, the body to 
receive three more coats of the same colour, and is then to be finished with two 
coats of a colour to be approved of by the Directors ; the upper quarters are to 
be painted black in like manner, and the whole body is to be varnished with four 
coats of the best varnish. The panels are to be lettered in gold, and ornamented 
in the centre with a coat of arms or other device. The insides to be lined 
throughout with drab cloth, of a quality worth at the present time 12^. 6rf. per 
yard, of 60 inches wide, the quantity required for the three bodies being about 
38 yards. Lace (seven dozen for the three bodies) 18^. per dozen ; seaming 
ditto (twelve dozen) Ss. 6d. per dozen ; pasting ditto (four dozen) 3^. Qd. per 
dozen ; holders of lace and glass strings of the same, lined with strong leather hat 
strings, and the floor to be covered with the best Brussels carpet. The backs and 
cushions to be stufied with the best curled hair, the quantity required for the 
three bodies being about one hundred and twelve pounds. The seats to be 
divided into four arms in each body, fixed on with iron corner plates and screws, 
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and finished with broad mahogany tops, varnished ; each seat also to be numbered 
with a japan label, with gilt figures. The bodies to be firmly fixed upon the 
under carriage, with strong bolts secured with nuts ; the whole of the workman- 
ship to be strong and substantial, equal in every respect in style and execution to 
that of the coaches the most recently built by the Liverpool and Manchester 
Railway Company, at their yard in Crown Street, Liverpool. The whole of the 
iron work to be of the best quality, the weight of that portion attached to 
the bodies, consisting of luggage rails, steps, bolts, foot-boards, stays, &c., being 
about one hundred weight one quarter and twenty-four pounds. Screws to be 
used throughout instead of nails. 

UNDER CARRIAGE FRAME. 

The plan of the under carriage frame will be seen by the annexed Drawing, 
Fig. 2 : its extreme length is 15 feet 8 inches, the buffers extending 1 foot 
9 inches beyond at each end. The whole must be made of well-seasoned ash, of 
the following parts and dimensions: — The carriage sides. Fig. 1, I, (two on each 
side, but they may be made in two pieces, spliced in the middle, and fitted with 
iron bolts and nuts,) must be 3 inches square, coupled together vertically by 
wrought-iron props. Fig. 1, K, and corner plates, eight of the former in each 
carriage weighing two quarters twenty -five pounds, and four of the latter weighing 
two quarters eighteen pounds. The ends of the carriage. Fig. 3, consist of two 
pieces of ash, L, at each end, extending from side to side (6 feet 1 inch), 
3^ inches wide by 3 inches thick, and swelling to 11^ inches at the deepest part, 
morticed together as in the sides, only with three upright blocks, M, of ash 
instead of iron. The frame is strengthened by four diagonal. Fig. 2, N ; two 
centre longitudinal, ; and two centre cross-stays of ash, each 3 inches by 2^ 
inches, extending from the lower carriage, side morticed into a solid piece of ash, 
Q, in the middle of the frame, 2 feet 3 inches by 1 foot 4 inches, and 3 inches 
thick, secured thereto, as well as to the carriage sides, by strong angle plates of 
wrought iron, and plated at the corners with wrought iron, 3-8ths of an inch 
thick, 2 J inches wide, fixed on with ^ inch bolts and nuts. The two centre 
longitudinal stays, the two centre cross-stays, and the whole of the lower carriage 
side. Fig. 1, F, must be plated throughout on one side with wrought iron, 3-8ths 
of an inch thick, 2f inches wide, and fixed in the same manner as the comer 
plates, with bolts and nuts. The weight of the plating will be about two 
hundred weight and twenty pounds, and that of the bolts and nuts (about 350 of 
each) one hundred two quarters. There must be four axle guards, Fig. 1 , R, of 
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wrought iron, tapering from f of an inch to 5-8ths of an inch thick, firmly fixed 
to the carriage sides by bolts and nuts, in exact square with each other, at the 
distance of 8 feet 6 inches from centre to centre. The steps, S, consisting of 
eighteen, and weighing about one hundred two quarters and twenty-two pounds, 
having a tread of 12 inches by 9 inches, must be fitted in like manner to the 
carriage sides. There must be eight wrought iron roller boxes, weighing, with 
rollers for the same, three quarters of a hundred weight ; these are to be screwed 
under the under part of the carriage sides, for the extremities of the sides 
or bearing springs to rest and work upon. 

BUFFERS AND DRAWING APPARATUS. 

There are in each carriage four large buffer rods. Fig. 1, T, of wrought iron, 
weighing two hundred one quarter and six pounds, with a butt end of ash, U, 
14 inches diameter, covered with stout leather, and stuffed with horse-hair; these 
rods abut upon two large springs. Fig. 2, V, having fifteen plates, each of J inch 
steel, 3 inches broad, and, when fixed, 5 feet 9 inches long; there are also two 
drawing springs, W, with six plates, each of steel, of the same dimensions, and 
3 feet long, the weight of the four springs being three hundred weight and twenty- 
five pounds. These are fitted into a groove, X, which is firmly bolted upon the 
slab of ash in the centre of the frame, with liberty to work to and fro for the 
space of 2^ inches. The iron- work connected with the buffer and drawing 
apparatus (besides the buffer rods already described) consists of draw-rods and 
plates, Y, attached, weighing three quarters and twenty-two pounds ; four square 
socket rings and buffer plates, Z, weighing two quarters and eighteen pounds ; 
one grove plate, o, two side plates, and two edge plates, weighing two quarters 
and six pounds. The weight of sundry small iron-work about the under frame, 
not enumerated, may be estimated at three quarters of a hundred weight. 

The whole of the steel for the buffer and draw-springs, as well as for the 
bearing-springs hereafter described, to be well tempered and of the best quality, 
and all the iron to be also of the best quality, well and neatly wrought, filed, and 
fitted ; the framing to be firm and substantial, and to be constructed according to 
the most approved mode adopted in the recently-built carriages on the Liverpool 
and Manchester Railway. The carriage to be painted with five coats of paint, of 
the colour corresponding with that of the bodies, to be neatly picked out, and 
finished with two coats of the best varnish. There must be three chains at each 
end of the carriage, about 18 inches long, with an open link with a bolt and nut 
at one end, and a strong hook at the other; the centre chain, being the one 
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by which the carriage is drawn, must be rather stronger than the other two, 
which are only for additional safety. The weight of the six chains may be about 
one hundred weight six quarters. 

BREAK. 

As it is not necessary that every carriage should be provided with a break, 
this must be considered an extra, and a separate Tender made for it accordingly. 
It consists of a number of levers, tooth and pinion wheels, &c., the application of 
which can only be understood by inspection or detailed drawings. It acts on both 
sides of the two wheels on the same side of the carriage simultaneously. The 
whole of the apparatus will be about four hundred weight. 



WHEELS, AXLES, AXLE BOXES, AND SPRINGS. 

The wheels must be made with the rim and spokes of wrought iron, and the 
nave of cast iron, of a plan and construction to be approved of by the Engineer. 
The outer rim or tire to be tapped on the inner rim with not less than eight screw- 
bolts and nuts in each wheel. The axle to be made of the best rolled or wrought 
iron, 3 inches diameter in the centre, and 3^ inches where it passes through the 
nave, to be turned down to 2 inches and 5-8tlis, for an outside bearing of 
4^ inches long, which must be case-hardened. The wheels to be firmly keyed on 
the axle with a 5-8ths of an inch key, according to a guage, and the tire to be 
turned to a template, to be furnished by the Engineer, and to be painted and 
picked out with one coat of paint and a coat of varnish. The weight of the four 
wheels and two axles is about eighteen hundred weight. The axle boxes. Fig. 1, 
&, which are of cast iron, must be fitted up with brass steps to suit the journals, 
and to be of the best quality. Upon the axle boxes are fixed the side or bearing 
springs, Fig. 1, c, of which there are four, having each twelve plates, J inch steel, 
3 inches wide, and when weigh-led are 6 feet long; the weight of the four is 
about three hundred weight one quarter and fourteen pounds. 
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RECAPITULATION OF THE IRON WORK. 

C«rt. qri. Ibt. 

Luggage rails, lamp irons, and other body work 2 14 

Eight iron props between upper and lower carriage side .... 2 25 

Four comer plates at each corner of under carriage 2 18 

The plating under the carriage sides and centre 2 20 

About three hundred and fifty bolts and three hundred and fifty nuts 12 

Four large buffer rods 216 

Two buffer springs and two draw springs 3025 

Draw rods and plates attached 0322 

Four square socket rings and buffer plates 0218 

One grove plate, two side ditto, two edge ditto 2 6 

Four axle guards 1 1 19 

Six draw and safety chains 120 

Four side or bearing springs 3114 

Eight roller boxes and rollers 0213 

Eighteen steps 1 2 22 

Sundry iron work about the under frame, not enumerated ... 030 

Axle boxes and brasses 120 

Wheels and axles 18 

Break apparatus 400 



Total weight of iron work in each carriage . . 47 3 16 



. A model of the proposed carriage may be inspected at the oflSce of the 
London and Birmingham Company, No. 83, Comhill, and a full-sized pattern 
coach may be seen, and all other particulars had, on application to Mr. Woods, at 
the Company's office, India Buildings, Liverpool. The weight of the iron work, 
and the dimensions of the wood work, are furnished in the foregoing Specification, 
in order to facilitate the calculations of coachmakers and others who may be 
disposed to contract with the Company ; but it is clearly to be understood that 
in all matters relating to the mode of construction the fittings, finish, arrange- 
ment, or design, reference is to be had wholly and entirely to the full-sized 
pattern coach, which will be exhibited in Liverpool, and not to the model in 
London, or to the above description or the accompanying Drawing ; and it must 
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be further understood, that the Contract is to be completed to the satisfaction of 
the Engineer of the Company, or of any other person appointed by the Directors 
to inspect and pass the work. 

The carriages must be delivered at the Company's Station, at Euston Grove, 
London, or at their Station in Birmingham, at the option of the Directors, not 
later than the day of 1847. 



GRAND JUNCTION RAILWAY. 



JOSEPH LOCKE, Esq., Engineer. 



This Railway obtained the Act for its construction in the month of May, 
1833. The line was laid out with a view to avoid unnecessary expense; the 
gradients are consequently not equal to those of some other lines. It commences 
from the Birmingham Station of the London and Birmingham Railway, and com- 
municates with the Liverpool and Manchester, per Warrington and Newton. The 
distance from Birmingham to Warrington is 78 miles, and to Newton 82"63 
miles, or from Birmingham to either Liverpool or Manchester 97*50 miles. The 
average cost per mile is stated at £23,102. 

The standard guage of way, or 4 feet 8^ inches, is employed ; with Inter- 
spaces 6 feet in width, Side-spaces varying from 2 feet 9 inches to 3 feet 3 inches 
at the stations, and 6 feet 6 inches and 7 feet 9 inches at the other parts of 
the line. Parallel rails are laid down, set on chairs and upon blocks and sleepers, 
according to the usual practice. 

Vide Plates 42, 43, 44, and 45. 

Plate 42 represents the Aqueduct for the Duke of Bridgewater's Canal at 
Preston Brook, which is built entirely of stone. The backing of the arch is 
covered with milled lead, 71b. to the foot superficial, at the points marked A, A, 
A, A, to prevent the water percolating through the stone work. This plan has 
been found to answer the purpose admirably, as I have heard the celebrated 
Engineer state that no signs of the canal can be traced from beneath the bridge. 

There are several bridges of the same character as that described in Plate 43, 
of one, two, three, and more similar arches, some of which occur upon the skew. 



GREAT WESTERN RAILWAY. 



I. K. BRUNEI, Esq., Engineer. 



Vide Plates 46, 47 and 48. 

The Act for the Great Western Railway was obtained in August, 1835, and 
the works were shortly after commenced. Mr. Brunei, like the celebrated Engineer 
of the London and Birmingham Railway, adopted low gradients in preference to 
steep ones, together with slight curves, and, with the exception of the Wootten 
Basset and Box Planes, none of it is steeper than 1 in 344 or 15*35 feet per mile, 
and the curves are generally about 4, 5, or 6 miles radius. The Wootten Basset 
incline is 1 mile 29*09 chains in length, and the Box, which passes through a 
tunnel, is 2 miles 30*15 chains, and each of these planes is laid at 1 in 100 or 
52*80 feet per mile. 

The Box tunnel is 1| miles in length, and is carried through the oolite rock. 
The cost is estimated at upwards of £100 per yard, although only partially lined. 
It is 27 feet 6 inches wide at the invert, and 30 feet at a height of 7 feet 3 inches 
above it, the clear height from the surface of the rails being 25 feet. The parts 
which are lined consist of seven half brick rings at the sides, six at the arch, and 
four at the invert, and the foundation is 36 feet deep. The depth of cutting at 
the Eastern end of the tunnel is 69 feet 6 inches to the level of the rails, and 
it is 64 feet at the western. 

This line is the parent of the Broad gfiage^ the width between the rails being 
7 feet, Intermediate-spaces 6 feet 6 inches and 4 feet 9 inches Side-spaces, on em- 
bankments, making a total of 30 feet. The cuttings are 38 feet wide at the level 
of the rails. The arches of the Bridges over the railway are 30 feet span, and 
about 18 feet 6 inches high, and the bridges carrying the railway are generally 
about 30 feet between the parapets. 

The Permanent way of this railway is constructed somewhat in the form of 
a framing, longitudinal pieces of half timbers, or 12 inches by 6 inches are laid 
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under each rail ; these are connected together by cross beams, having a scantling 
of 6 inches by 4 inches, and the latter are dovetailed and bolted to the former. 
The rails are of the form denominated Bridge railsj and weigh from 441bs. to 621bs. 
per lineal yard : the latter is found no more than sufficient for the traffic, they are 
fastened down to the beams on each side by screw bolts. 

Some of the earthwork on this line is very heavy. The cutting eastward of 
the Box tunnel is calculated at 1,533,000 yards, consisting of corn brash, forest 
marble, and great oolite ; the average depth of it is about 30 feet, with slopes vary- 
ing from vertical to If to 1, and it is about 2^ miles long. The average price of 
the earthwork throughout the line is said to be 19rf. per cubic yard, and the cost 
from £40,000 to £44,000 per mile. 



SOUTH EASTERN RAILWAY. 



WILLIAM CUBITT, Esq., Engineer. 



This line branches off from the London and Brighton Railway at Reigate, 
and passes, via Tonbridge, Ashford, and Canterbury, to Folkstone and Dover; 
there are also branches from Canterbury to Ramsgate and Margate. The distance 
from the Terminus at London Bridge to Dover is 87 miles 43 chains, or 66 miles 
22 chains from Reigate. The first Act of Parliament was obtained in June, 
1836, but the undertaking has received many amendments by subsequent Acts. 
The whole of the Railways connected with the London Bridge Terminus are 
laid down upon 4 feet 8J inches guage. The ruling gradient is 20 feet per mile, 
and it is the same upon the London and Brighton Railway. 

The Engineer estimates the cost of the works as follows : — In the Godstone 

district, including the Bletchingly Tunnel, which is 1080 yards in length, at 

£17,948 per mile, the works not being particuhirly heavy. 

The Tonbridge district, comprising the Leigh cutting and the river Medway 

embankment, containing upwards of half a million cubic yards each, cost £l 9, 1 80 

per mile. 

The Dover district, which abounds in diflBicult undertakings, both tunnels and 

earthworks, &c., he states at £32,615. A double line of tunnel is constructed 

through the chalk, each 13 feet wide in the clear, 1 9 feet high to the springing of the 

arch, which is pointed, and 30 feet to the apex ; the pier separating them is 10 feet 

in thickness. 

BRIDGE OVER THE RAILWAY AT TUDELY. 

Vide Plate 49. 

The archway of this Bridge is 30 feet span, and of a novel description. 
The faces of the arch are turned in brickwork, but the remaining portion is 
formed with three cast-iron plates bolted together, extending to a certain distance 
along the crown, by which the level of the roadway is lowered, and the slopes of 
the approaches reduced. 
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OCCUPATION BRIDGE OVER THE RAILWAY AT SUMMERDEN 

FARM, IN THE TONBRIDGE DIVISION. 

Vide Plate 50. 

This Bridge is built over a cutting, and the earth was removed without 
interfering with the portion under the proposed arch, by which the expense of 
framed centering was saved. There are 33 roods of brickwork in the Bridge. 

SPECIFICATION. 

The Bridge to be commenced before the upper lift of the cutting arrives at 
its site. 

The ground to be got out to a shape resembling the arch, as shown in 
longitudinal section, leaving about 2 feet clear space above. 

The centering to consist simply of strong arched ribs, which are to be made 
to the true form required, and should any alteration of slope occur, either by 
their own weight or otherwise, they are to be adjusted by the wedges beneath 
them. 

The wedges to be of good hard oak or teak, so as to be readily eased or 
struck when the work is completed, and a suflBicient number to be employed in 
order to give the requisite stability to the ribs. 



DETAILS OF TIMBER BRIDGES. 

Vide Plate 51. 

The abutments and wings at each extremity are constructed of brickwork, 
but all the rest of the structure is formed of timber. 

The span of the arches, formed after the Plan represented, is 32 feet 6 inches, 
but there are some upon the line of 60 feet. 

The details of the Timber Pier, at Folkstone Harbour, are represented in 
Plate 52, and the construction of the Reservoir, Tanks, &c., at Tonbridge, in 
Plates 53, 54, and 55. The Turntables on the line of Railway are described in 
Plate 56. 
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LONDON AND GREENWICH RAILWAY. 



GEORGE LANDMANN, Esq., Engineer. 



This short Line is now incorporated with the South-Eastern Railway, of 
which it forms a branch. The Act of Parliament authorizing the construction 
of it was obtained in May 1833. 

The Railway consists of a double line of rails raised on a brick viaduct, 
consisting of semicircular brick arches, excepting at the crossings of roads and other 
thoroughfares, where a suitable mode of construction is adopted. The arches are 
18 feet span with piers between them, 3 feet in thickness, and are built of 
Sittingbourne stock-bricks, and Hailing lime-mortar; they are turned one brick 
and a half in thickness, and in two bricks under the spandrel walls. The via- 
duct is 22 feet 3 inches in the clear, between the parapets, and tool recesses are 
carried up in the shape of piers at intervals of every twelve arches. 

The rails are laid to the Standard Guage, or 4 feet 8^ inches; the 50 lbs to 
the yard edge-rails being employed with 18 lbs. chairs, set 3 feet apart, and fixed 
on granite blocks. A thin piece of elm plank is introduced between the chair 
and the block ; the latter are also bedded in concrete with a layer of sand below. 
The drain along the superstructure is laid in brickwork in cement. 

BRIDGE OVER THE SPA ROAD, BERMONDSEY. 

Vide Plates 57 and 58. 
Angle of Askew ... 52^ 30' 

This Bridge consists of a large centre arch over the roadway, and two side 
arches over the footways. The imposts on each side of the middle arch are 
supported by Grecian Doric columns of good proportions. The plinth for the 
columns, the piers in roadway and the springers to arches, are executed in Bram- 
ley Fall stone ; the abutments, arches, spandrels, internal spandrel walls, parapets, 
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&c., being caxried up in brickwork. The bricks throughout are good, sound, 
hard-burnt stocks. The three oblique arches, and solid spandrels over the same, 
are set in fioman cement, composed of Hailing lime and river sand. 

The columns supporting the arches are formed of cast iron, and filled up in 
the interior with concrete. Each column also has a wrought- iron bar passing 
vertically along its axis, which is let into the plinth at one extremity, and 
into the stone springers at the other. The latter are connected together by 
chain-bars secured to a horizontal bar prepared to receive them, and at a level 
of 4 feet 9 inches above the springing line of the furches. 

The chain bars first described are furnished with proper mortices, through 
which the vertical bars pass. 

The spaces between the internal spandrel walls are filled up to the level of 
the crowns of the arches with concrete, composed of seven parts of river gravel 
and one of ground Hailing lime. 

The cornice, parapet, and coping are in fioman cement, and the caps of the 
recesses on the superstructure are of Bramley Fall stone. 

CENTRE ARCH. 

Ft. Ineh. 

Perpendicular span 27 9 

Span on the face 35 4 

fiise 9 

Radius 22 

Thickness of rim of arch 16 

SIDE ARCH. 

Perpendicular span 8 

Span on the face 10 2 

Rise 2 7 

Radius 6 3 

Thickness of rims of arches on the face .... 12 

Ditto, in the interior of the work 9 



r2 
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DETAILS OF 26 TURNPLATE AT GREENWICH. 

Vide Plates 59 and 60. 

This Turnplate is sufficiently large to receive both the engine and tender at 
the same time. It consists of .two cast-iron girders, 26 feet in length, placed at 
a suitable distance apart to receive rails of a corresponding guage to the wheels 
of the engine. The girders are connected together by strong diagonal bracing, 
and they are supported on small conical rollers below, — viz., one pair at the 
extremities, and another pair about midway between the same and the centre 
pivot on each side ; proper bearing plates being laid to receive the rollers. This 
girder framing is moved by means of a winch fixed to one of the girders, and 
which turns a pinion communicating with a circular rack. 
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LEEDS AND SELBY RAILWAY. 



JAMES WALKER, Esq., Engineer. 



The Act for the formation of this Railway was obtained in May 1830, 
and it was publicly opened in September, 1834. The line is laid out suflSiciently 
wide to accommodate four sets of rails, although two only are laid down, and the 
arches of the bridges over it are also built of corresponding width. The rails 
were originally 35 lbs. to the yard T rails, but 42 lbs. rails were subsequently 
adopted. They are laid to the 4. feet 8 1 inches guage. The gradients are only 
moderately good, but the curves are generally easy. 

Commencing from Leeds, the inclinations are as follows : — 



Lengths of Planes. 
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Ratio of IndinatioD. 
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An assistant engine is employed on the Milford inclines of 1 in 137, and 1 in 
1 50 in the case of heavy trains. 

The earthwork is considered to be rather heavy, but is much lessened by 
means of retaining walls, which are carried along the faces on each side, and 
thereby cut off or reduce the slopes. Some of the cuttings and embankments 
are finished in this manner at the feet — i. e., with dwarf walls, 5 or 6 feet high 
only, and there are some instances where they are carried up the entire height of 
the embankment, whereby the area of land required is considerably decreased. 
They are built with a curved batter, the chord line forming an angle of 67 1^ 
with the base. Stone fences are requisite on each side at the top, for the security 
of the passengers, in case the train should get off the rails : the entire width of 
the embankments at the top is 30 feet ; and clear space between the parapets, 
27 feet. The greatest depth of cutting is 43 feet; and height of embankment, 
50 feet. 

The front of Leeds tunnel is represented in Plate 61. This tunnel is 700 

yards in length, and the expense of forming it is said to have averaged about 

£25 per lineal yard. It is carried throughout in 18-inch brickwork, and about 

two-thirds of its distance is in shale and coal measures, and the remainder in 

rock. The two shafts used in working it are left for the purposes of 

ventilation. 

Plates 62 and 63 describe the construction of the Depots at Selby and at 
Leeds. 

The roofing of the Sheds is formed of timber, and it is supported on cast 

iron columns ; the whole having a neat appearance* 



MIDLAND COUNTIES RAILWAY. 



CHARLES VIGNOLES, Esq., Engineer. 



The Act for this Railway was obtained in June, 1836, and the line was 
opened complete to the public in July, 1840. Thos. Jackson Woodhouse, Esq., 
was the Resident Engineer appointed to superintend the works. 

The line commences at the London and Birmingham Railway, near the 
town of Rugby ; and after passing the large manufacturing towns of Leicester and 
Loughborough, crosses the river Trent nearly midway between the towns of 
Nottingham and Derby. Immediately after crossing the river, the line separates 
and diverges to the eastward and westward ; one branch running to and term- 
inating at the town of Nottingham, the other going to the town of Derby, and 
there connecting with the North Midland Railway, and also with the Derby and 
Birmingham. 

The earthwork is not very heavy ; the Leir cutting between Rugby and 
Leicester being the heaviest, and which is 62 feet deep as a maximum, and contained 
upwards of 600,000 cubic yards; the slopes are 2 to 1. The Leir embankment also 
contains 430,000 cubic yards, and is about 40 feet high; also with slopes 2 to 1. 
Mr. Woodhouse states the average price of earthwork throughout to have been 13rf. 
per cubic yard. 

The rails are of the parallel form, 77 lbs. per lineal yard, and set in chairs. 
They are formed in lengths of 15 feet, and have a bearing of 5 feet. The joint 
chairs weigh 28 lbs., and the others 23 1 lbs. The rails are secured to the chairs 
by wooden keys, according to the plan now generally employed. 
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Table of gradients of the Midland Counties Railway from Rugby to Derby 
Junction : — 
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SPECIFICATION 

Of the Works necessary in constructing the Viaduct over the Valley of the 
River Avon^ {near its junction with the London and Birmingham Railway.) 

Vide Plate 64. 

This Viaduct consists of eleven Arches, each of 50 feet span, which are to 
be built agreeably to the plan. The foundations to be sunk to an average depth 
of 6 feet below the surface of the ground, or to 44 feet below the level of the 
rails, as shown on the longitudinal section. Should an increased depth appear 
necessary to the Engineer, or an artificial foundation be required, it will be paid 
for according to the Schedule of prices. 

The structure to be Brickwork, with the exceptions hereafter specified. 
Every part of the work, where the thickness of the walls will admit of it, to be 
set flush in grout, and the whole to be put together in the most substantial and 
compact manner. 

The ends of the piers to be faced with the best Staffordshire blue Bricks, 
properly bonded, and returned 9 inches and 14 inches into the flanks of the piers. 

The rings or quoins of the Arches to be similar bricks, and similarly bonded 
into the soflBit ; also the Coping of the parapets to be formed of Staffordshire bricks, 
moulded 14 inches on the bed, and 8 inches thick, rounded on the top, and set 2 
inches from the face in Roman cement. The Spandrels and Parapets to be faced 
with square hard burnt common bricks selected for the purpose, and the clay for 
the whole of the bricks for this structure to, be ground; none other will be 
allowed to be used. Openings are to be left in the piers of tho dimensions 
shown, with Arches at the top and bottom of the same. Spandrel arches 
to be built over the piers, and quarters of the main arches, as shown in the 
sections. 

In the centre of each pier, a cast iron Pipe of 2 inches diameter is to be 
built, to carry off* any water which may percolate through the ballast and spandrel 
arches, and openings to be left in the piers of the spandrel arches, and channels 
formed, so as to draw any water to the pipe. 

s 
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The whole of the Arches, when built, to be covered with a clay pun, or 
Puddle, 9 inches in thickness. 

ASHLAR. 

Imposts or Caps to the piers to be placed, of the dimensions shown on the 
enlarged Section, and returned 2 feet 6 inches into the piers. The lower member 
to be 2 feet on the bed, with 2 inches projection, the upper member to have 12 
inches projection, and 2 feet insertion into the wall. A Springer, 10 inches 
thick at the face, and 2 feet on the bed, to run entirely through the whole of 
the arches, and upon the face of the same ; and to run across the whole width of 
piers. 

The Cornice to be stone, of the dimensions shown on the plan. The upper 
member to be 15 inches thick, with 15 inches projection; the lower member to 
be 9 inches high, with 3 inches projection, and both to have at least 1 foot 9 inches 
bearing on the wall. 

The Caps of the piers, at the ends of the parapets, to be of Ashlar, and the 
whole to be very neatly tooled. The cornice to be in lengths of not less than 3 
feet, and the ends closely jointed, and pointed with Roman cement. 

The Mortar is to be made by passing the lime and sand through a mill, in the 
proportion of 1 measure of Lime, newly burnt, to 2 measures of clean sharp 
Sand, and thoroughly incorporating them together with the least possible quantity 
of water ; and no more is to be mixed or ground than will be used in the work by 
the expiration of the following day. 

All Centering and other materials to be found by the Contractor. 

The Earth at the back of the Abutments, and about the wings, to be carried 
up in courses, and regularly pounded, or rammed to the full height. 

The whole of the works to be executed in a workmanlike and substantial 
manner, to the entire satisfaction of the Engineer. 
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BRIDGE OVER THE RIVER TRENT. 

Vide Plate 65. 

The Bridge consists of three cast iron arches, each of 100 feet span, and 
which are segments of a circle of 130 feet radius, the versed sine of the arch 
being 10 feet. There are 6 tiers of arches or ribs running throughout the 
length of the bridge, one under each rail, of which there are two pairs, and one 
also under each of the parapets. The inner ribs are of greater substance than 
the outside ones. Each of the ribs is formed of three castings, accurately fitted 
together, and further joined by diagonal braces, which also connect the whole of 
them together. These braces were properly prepared, with their faces of contact 
worked square and parallel by means of a planing machine. The ribs are also 
further sti£fened by other pieces, and they rest on a cast iron abutment plate, thin 
sheets of lead being laid between the iron and stone, to preserve the latter from 
the efiiects of any unequal pressure. The bridge is covered by a timber plat- 
form 6 inches thick, upon which oak longitudinal beams are laid to receive 
the rails. 

The Piers of the Bridge are 14 feet thick at the foundations, and diminish 
upwards to 10 feet ; the abutments are 14 feet thick at the foundations, and 
arched on plan as shown upon the plate. The bridge rests on red marie, inter- 
sected with beds of gypsum, and the foundations of the piers were carried up by 
means of coffer dams. The masonry is seated on a platform of baulks crossed by 
half baulks, trenailed together. 

The total cost of the Bridge was £21,000; the whole of the iron, including 
carriage and fixing, being £10,000. The amount of cast iron was about 680 tons, 
and of wrought, five tons. 
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SPECIFICATION 

Of Works required in Constructing a Bridge over the River Trent. 

EXCAVATION AND MASONRY. 

The respective parts of the Works are to be built and made of the dimensions 
shown in the drawings, and agreeably to this specification. 

The excavations for the Foundations are to be sunk to the depths shown on 
the drawing. A Coflfer Dam is to be constructed for laying the foundations of the 
south pier; the dimensions of which, as also the mode of construction, to be ap- 
proved of by the Engineer. 

The dimensions required for the base of the said Pier, is to be enclosed by 
driving Sheeting Piles, 6 feet in length and 4 inches in thickness, each having a 
wrought iron shoe of l^lbs. on its lower end, the piles to be driven until their 
tops are nearly level with the river bed. The space so enclosed is then to.be ex- 
cavated from 3 feet 6 to 4 feet below the bed of the river, and layers of Concrete, 
forming a depth of 2 feet, to be laid completely over and upon the space within 
the sheeting piles, the upper layer of concrete having been truly levelled up 
and down stream, a Grating of Timber to receive the masonry is to be laid 
upon it. 

The component parts of the concrete, and the proportions of each, will be 
hereinafter specified ; and the foundations will be required to be kept free from 
water, until the concrete has become properly set. 

The Grating to be of Memel Beech, or Elm timber, of the following dimen- 
sions : the outer Sills lying transversely to the bridge, to be 12 inches square ; the 
intermediate ones, 3 in number, to be 12 by 9 inches: the Cross sills to be 9 in- 
ches square, and to be sunk into the transverse ones at the points of intersection, 
then to be properly trenailed and secured : the Spaces between the timbers to be 
fiilled with Concrete. 

A similar grating, &c., to be used for the other piers and abutments, if 
thought necessary : in that case they will be paid for according to the Schedule 
prices. 
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The whole of the Abutments and Piers are to be built of Ashlar stone, the 
largest blocks being selected for the bottom courses, and no course to be less than 
18 inches high; the beds of the stretchers to average 21 inches, the headers to 
form a third of the whole face, and to be 3 feet 6 inches deep on the bed, the beds 
and end joints to be truly wrought. The face from the foundations, to 2 feet be- 
low water level, to be pick dressed. The remaining part to have a tooled or 
drafted margin, the remainder of the face to be neatly punched. 

The filling of the Piers and backing of the Abutments to be of Ashlar stone, 
having one good bed. Two stones may be used to make the height of a course, 
each of which must be evenly levelled off: sound well burnt Bricks may be sub- 
stituted for the stone backing of the abutments, if the Engineer should approve 
of the quality. 

The impost or moulded course under the springing of the Arches to be 
neatly tooled, and wrought in lengths not less than 3 feet, to be 2 feet on the pier, 
and filled with solid Ashlar masonry between. 

The salient Angles of the piers to be formed with stone blocks of large dimen- 
sions, and no joint to be within 2 feet of the angular point. 

The Caps of the Piers are to be formed in two blocks neatly tooled, close 
jointed and connected with iron dowels. 

The stone blocks forming the Springing courses to be the whole depth of the 
cast iron abutting or Springing Plates which is laid upon them, the bottom beds 
to be 3 feet deep, and not less than 3 feet long ; the back joints to be wrought 
square, and filled in with square wrought Ashlar masonry, so as to make the top 
of the piers a close bed of Ashlar work. The backs of the Springing Courses and the 
filling course are to be jointecL and joggled thus h-^^L^-j-^^X^-p^^ into which 
the springing plates, junction frames, or pier y-^T^ --p-d-— ^ standards, 

are to be sunk. 

The wings are to be faced with Ashlar stone, neatly tooled ; and the backing 
is to consist of flat bedded Rubble masonry, properly bonded, and closed in each 
course, the Ashlar work to average 1 foot 9 inches in the bed, and to have headers 
in the proportion before described for the piers and abutments. 

The Base Cornice (the members of the latter are to correspond with the cast 
iron cornice over the arches) and Coping to be of Ashlar stone, of the figure and 
dimensions shown on the drawing, closely tooled. The Parapet is to be of solid 
blocks, each the height of the Parapet, margin drafted and punched, as before 
described, and to be coped with a moulded coping of 12 inches thick, having 4 
inches projection on the outer face. 

The whole of the Stone for this work to be of the best quality, from the 
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Cromford quarries, or some other which produces equally good stone; as to colour 
and quality, to be approved of by the Engineer. 

The exterior face of all the Masonry in the Bridge, to the level of the tops 
of the piers from the foundations, for 9 inches in depth, from the outside, to be 
set in the best Roman cement, with a proper proportion of clean sand, or in mortar, 
made in the following manner : — " Two measures of barrow Lime, one measure of 
Pozzuolana, and three measures of clean Sand ; the whole to be well ground and 
tempered until it forms a tough paste. No more water is to be used in mixing 
than is absolutely necessary to thoroughly incorporate the mixture. The Backing 
Mortar to be composed of one measure of Lime, half a measure of Pozzuolana, 
and two measures and a half of clean sharp Sand, ground, tempered and mixed as 
before stated. 

The Concrete is to be made of fresh barrow Lime, ground as described for the 
mortar, and mixed with clean sandy Gravel, in the proportion of 1 of lime 
to 4 of gravel, mixed with the least possible quantity of water; the whole to 
be well beaten, and turned twice at least with a shovel, and used while in a 
hot state. 

The Contractor is to cut away and open the banks of the River, to suit the 
new constructions, as may be directed. He must also cut a temporary Channel 
for the water on the north side, to enable him the better to get in the foundations ; 
and also construct all Dams necessary for the construction of the work. He must 
find all materials necessary for the construction of the work, according to the plan 
and this specification, and complete the same to the entire satisfaction of the 
Engineer, who shall have power to reject any improper materials, or order any in- 
sufficient work to be taken down and rebuilt ; and his decision as to the intent 
and meaning of any and every part of this specification is to be binding on all 
parties concerned. 

IRON WORK. 

The Bridge is to have 3 Arches, each of 100 feet span, having a versed 
sine or rise of 10 feet; the inner curve being a segment of a circle of 260 feet 
diameter. 

Each Arch is to consist of six Ribs of cast iron, and each rib to be composed 
of 3 pieces ; each piece being a solid casting, forming the segment spandrels and 
roadway bearer. The Segment Pieces are to be 3 feet deep at the springing, and 
to diminish 2 feet 6 inches at the crown ; the plate of the segments, excepting 
the outer ones to be 2 i inches thick, strengthened with a top and bottom web, or 
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Roadway Bearer. 



Flange, 2^ inches square, thus the plate of the two outer segments 
to be 2 inches in thickness. The joints of the segments are to be con- t 
nected by Tie Plates of a similar depth and thickness, and reaching the 
entire width or breadth of the bridge. The webs or Flanches to be re- 
turned on the ends of the joints of the segments, by which they are to 
be secured to the Tie plates with 1^ inch screw bolts. iu- J 

And further, to be braced laterally with feathered Diagonal Braces between 
each tie plate, secured to the segments by inch screw bolts, passing through 
flanches to be cast upon them; the Braces to be 6 inches broad in section, 
thus Wt^j^. The ends of the Segments are to rest upon and be fitted to cast 
iron tVrw Springing Plates, bedded and sunk into the abutments and piers, 
3 inches thick, with raised grooves to receive the same. The plate of the Road- 
way Bearers is to be 1 1 inch thick and 9 inches deep, with a flanche on each side, 
on the top, of 3 inches by 1 1 . 

The Spandrel fillings, next the pier standards, are to be 6 by 4 inches, and 
reduced gradually to 4 inches square, as they approach the crown of the arch ; 

with Gothic heads. 



those on the outer ribs to be formed in section, thus 
as shown in elevation. 

The inner four to have plain vertical pieces of the 
above dimensions, and the Gothic heads to be omitted, thus. 
The several spaces of same being the same width as the 
outer ones. 

The pier Standards are to be of the dimensions shown 
on the elevation, and 2 inches thick ; those on the outside to have a sunk panel 
the inner ones plain ; and they are to be secured at their junction with the ribs 
by flanches, with proper screws, bolts, and nuts. 

The Roadway bearers are to be braced by one set of Diagonal Braces, 
between the crown of the arch and^ pier standards, to act on points at least 
12 feet apart in the length of the bearer; to be feathered castings, 4 by 2 in- 
ches—thus p:^;^ attached to the bearers by flanches, bolts, &c., as before 
stated. I^*-^ 

A Cornice of cast iron, 3-4ths of an inch thick, and of the figure shown 
on the elevation, is to be secured to the outer bearers by inch screw bolts. 

The parapet railing is to be of wrought iron, 7-8ths of an inch square ; but 
the Gothic heads may be of cast iron. The handrails to be 2 J inches broad, and 
7-8ths thick, rounded on the top, and riveted to the Gothic tops of the railing. 
The number of them is shown on the drawing, and they must be keyed into the 
base or plinth of the parapet. 
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The Roadway is to be formed of half baulks of Memel timber, Kyanized. To 
be not less than 12 inches broad and 6 inches thick, and placed so as to leave 
spaces of 2 inches between them. 

Each Timber to reach the entire width of the bridge — namely, 27 feet ; and 
to be secured to the roadway bearer in two points of its length, by screw bolts 
Jths of an inch square — the bolts to be dipped int^ white lead before being 
driven ; or, if the Engineer shall direct, the screw bolts shall be dispensed with, 
and the timber secured to the bearers by battens spiked to them from below ; in 
which case, the upper flanche of the bearer will require to be cast beveled, so as 
to form a dovetail between the battens. 

All the Joints of the Castings shall be truly fitted solid, by chipping or 
filing, and no packing of sheet iron, wedges, or cement, shall be used, but the 
workmanship shall be of the very best kind possible. The Castings shall be 
of the best grey metal. No. 2, without flaw or defect, and shall be put together 
and erected at the foundry where they are cast, and be subject to the inspec- 
tion of the Company's Engineer, who shall reject all such as he may deem 
insufficient. 

The Contractor to find all Models, fitting materials, centres, timber, tackle, 
and labour; to make, erect, and complete the iron work as aforesaid upon 
the masonry provided to receive it, according to the true intent and meaning 
of the Plans, sections, and specification, and to the entire satisfaction of the 
Engineer. 

The iron work to be painted when temporarily erected, and two coats when 
permanently fixed, of the best white lead and linseed oil. 



SLAM AN NAN RAILWAY. 



JOHN MACNEILL, Esq., Engineer. 



Slamannan is a village in Scotland, and situated in the upper part of the county 
of Stirling, or about fifteen miles in a direct line from Glasgow in a north-easterly 
direction. This Railway forms one of the links of communication between the 
mineral districts of Stirling and Lanarkshire, and the cities of Edinburgh and 
Glasgow. The Act for the undertaking was obtained in the year 1834, and the 
line was opened in the spring of 1840. 

The line of Railway is 12.488 miles in length, and has both severe gradients 
and sharp curves upon it. There is an incline of 6,635 yards, 1 in 100, and 
another 3,435 yards at the same rate, amongst others, and which are worked by 
locomotives. The curves vary from 20 to 80 chains radius. 

The line is executed on a scale of rigid economy, and the earthworks are not 
heavy. Only a single way is laid down, and it is estimated to have cost about 
£8,128 per mile, the permanent way included, which was executed for 5^. per 
lineal yard. The completing of the way with a double line is estimated at 
£10,000 per mile. 



SPECIFICATION 

Of the Work to be executed by the Contractor for the First and Second Lot 

of this Railway. 

This portion of the Railway commences at a point on the Ballochney Rail- 
way, in the lands of Stanrigg, marked by a pin driven into the ground, and 

numbered 1. 

T 
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This point corresponds with the points marked A on the Plan and Section of 
the first division of the proposed Railway hereto annexed. 

The Line runs in nearly a N. E. direction through the lands of Longrigend, 
Longrig, Lodge, Binnyhill, Balquharson, and Peatrigend, and terminates at the 
fence at the east side of the road leading to Pirney Lodge, after crossing the 
Bum. 

The Red line on the plan represents the centre midway between the two lines 
of Railway, and is now marked out by stakes driven in the ground at every 100 
feet apart, which are numbered on the top, commencing with the figure 1, at the 
Ballochney Railway. These numbers are continued in regular series up to No. , 
which terminates the first Lot. 

The stakes are represented on the section by the same figures. The height 
of embankments, and depth of cuttings, are shown by the figures in red on 
the Section at each of these stakes, which are 100 feet apart along the whole 
line. 

Two large stakes will be driven firmly into the ground ; one near the middle 
of the lot, the other near the termination, in the lands of Peatrigend, but out of 
the line of Railway, so as not to be disturbed by the operation of the works ; and 
which are to serve as standard Bench marks, to which the level of the stakes are 
to be referred in the first instance, and during the progress of the works. 

These Bench marks and stakes will be levelled by the Superintendent, and 
the Contractor is to satisfy himself of their accuracy before he commences the 
work ; and he is to sign a paper to that efiect, to prevent all disputes as to levels, 
as no extra sum whatever will be allowed the Contractor for cutting or embank- 
ing, beyond the depths or heights marked on the section hereunto annexed, in 
order to acquire the rates of Acclivity marked on the said Section ; that is 
to say — 

1 in 112 from A to B, being a distance of 1733 J yards; 
1 in 349 from B to C, being a distance of 1233i yards; 
1 in 300 from C to D, being a distance of 400 yards ; 
1 in 100 from D to E, being a distance of 6649f yards; 

the whole measured along the surface of the Rails, when laid in the chairs, and 
fixed to the blocks or sleepers. 
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CUTTINGS AND EMBANKMENTS. 

The roadway through the Cuttings, at the surface of the rails, is to be 25 
feet wide, except through the Moss, where it is to be 35 feet wide. The sides of 
the Cuttings are to be formed with slopes, 1 to 1, where the cutting does not 
exceed 4 feet in perpendicular height; 1^ horizontal to 1 perpendicular, where 
the height does not exceed 1 feet ; and at all heights above that, the slopes are 
to be 2 horizontal to 1 perpendicular. 

The Embankments are to be 30 feet wide, when raised to the proper height, 
and formed ready to receive the ballasting, except in Moss, where it is to be 
35 feet. The slopes of all Embankments are to be 2 horizontal to 1 per- 
pendicular. 

All the Materials arising from the cuttings are to be employed in raising the 
embankments ; and should it produce more than is necessary for this purpose, the 
residue is to be applied to giving a greater width to the embankments, by widen- 
ing out the slopes, or otherwise disposed of in places equally convenient for the 
Contractor, as may be pointed out by the Engineer or Superintendent to the 
Company for the time being. But if the materials procured from the cuttings be 
not sufficient to make up the embankments to the specified heights and widths, a 
sufficient quantity must be procured by making the cuttings wider than specified, 
or by flattening the slopes, as may be pointed out by the Superintendent or 
Engineer, without any additional expense to the Company. 

Before any Embankment is commenced on any part of the line, except 
through the moss, the Soil is to be raised for a depth of 6 inches over the whole 
space to be occupied by the embankment, and for the depth of 1 foot over the 
space to be excavated, and removed to some convenient site, pointed out by the 
Inspector or Superintendent; to be hereafter employed in soiling down the slopes 
of the Cuttings to a depth of not less than 6 inches, and the slopes of the 
Embankments to a depth of not less than 12 inches. This part of the work is 
not to be done until after aU the slopes are carefully levelled, trimmed, and 
dressed, and reported by the Superintendent to be sufficiently consolidated and 
firm. 

The Embankments are to be raised by Lifts not more than 4 feet thick, and 
the Contractor is to satisfy himself that each layer is perfectly consolidated before 
he commences a new one over it. 

T 2 
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In the cuttings through the Moss, Drains are to be formed at the bottoms 
of the slopes, as shown in the Drawings hereunto annexed (vide Fig. 1 on 
Plan.) These drains are to be 9 feet wide at top, 3 feet deep; to slope on 
the outside as the cuttings — that is, 2 horizontal to 1 perpendicular, and on the 
inside 1 to 1. Two Drains are also to be cut, one on each side of the road, at 
the top of the cutting, and 6 feet from the edge of the slopes ; these Drains are 
to be 8 feet wide at top, 3 feet at bottom, and 3 feet deep : the moss taken from 
them to be deposited on the outside of the drains, not less than 3 feet from the 
edge thereof. 

In the moss the embankments are to be formed with slopes of 2 horizontal 
to 1 perpendicular, and to be 30 feet wide at the surface level of the rails. 

Before the Sleepers are laid on the surface of the embankment, a space of 
15 feet in width is to be covered with heather and green sward, or divits under 
the ballasting. 

Should Rock be found in the cuttings, the slopes may be ^ horizontal to 1 per- 
pendicular; and the Contractor is to allow the Company, or the Contractors for the 
other portions of the line, to quarry and take away whatever quantity they may 
require for Blocks, masonry, ballasting, or any other work the stone may be fit for, 
without any charge whatever, provided there is a superabundance above what he 
will require for his own portion of the work; the Company, or Contractors, 
giving him, in place of the stone thus taken away, as much earth or other material 
as will make up the same quantity of embankment, should he so require it. 

DWARF WALLS. 

Vide Fig. 2 on Plan. 

The Contractor is to cast out the foundations, and build Dwarf Walls through- 
out the cuttings, except in moss, to the extent of 2,700 yards, on each side of the 
road; these Walls to be 21 inches thick at bottom, 15 inches at top, and 2^ feet 
high, and coped with two courses of 3 inch divits ; these dwarf dykes to be of 
substantial dry stone work, with thorough bonds not more than 1 yard apart. 

FENCES. 

Post and Rail Fences are to be erected along each side of the Railway, at 
the top of the cuttings, and at the bottom of the embankments, except through 
moss ; — these Fences are to consist of the best description of post and rails, and 
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quick plants, or of eartben mounds, and stub fence. These mounds to be 2^ feet 
high, 5 feet broad at the bottom, and 3 feet broad at the top ; the sides, to the 
thickness of 1 foot, to be laid with divits on their flat bed, and the centre to be 
made up with fine soil, taken from the Railway sides of the Fences. The plants 
are to be provided by the Company, but they are to be planted by the Contractor 
in a careful and workmanlike manner, at such times and seasons as may be pointed 
out by the Engineer to the Company. The Contractor to have the liberty of 
putting up either the post and rail fence, or mound and stub fence, as he may 
think proper, but it is to be uniform throughout the whole length. 

DRAINAGE. 

Besides the preparatory Drains already described along the moss. Cross 
Drains are to be formed where there is any run of water, or means of carrying off" 
surface water. These Drains are to be open cut, 4 feet wide, and 3 deep, and made 
to communicate with the nearest stream or outlet for the discharge of the water. 

Two Main Drains are to be cut, in such places as may be pointed out by the 
Engineer; these drains to be 10 feet wide at top, 3 feet wide at bottom, and of 
suflGicient depth to communicate with the side drains already described in the 
cuttings through the moss. These drains are intended to carry off the water that 
would otherwise accumulate in the side drains, and overflow the road. They must 
be made in the best manner for discharging the water, and carried to a sufficient 
length to communicate with the stream that now runs to the South of the moss, 
or to some low situation where the drainage may be affected. 

The Contractor shall also open the Foundations and build Drains along the 
Railway, (except in moss,) and embankments to the extent of 2,700 yards; the 
bottom of the drain to be 1 foot below the bottom of the level prepared for bal- 
lasting. The bottom of these drains are to have the same declivities as the Rail- 
way when finished. These drains are to have Inlets in such places as may \ye 
pointed out by the Engineer. The Contractor is also to open foundations and 
build Cross Drains to the extent of 350 yards, on such parts of this portion of 
the Railway as may be fixed on by the Engineer, or his Inspector. 

All these Drains shall be 1 foot square in the clear ; the Side Walls shall be 
substantial Rubble masonry, not less than 1 foot thick, and laid in well prepared 
mortar ; the Covers not less than 4 inches thick, no stone of which shall be less 
than 12 inches broad, and neatly hammer-dressed in the joints, and to have a 
bearing on each side of not less than 6 inches ; the Bottom to be laid with stone, 
set on edge, not less than 5 inches deep, and laid in well wrought clay puddle. 
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440 yards of Open Drain is to be made along the outside of the Railway, in Mr. 
WaddelPs lands of Peatrigend. Besides the 350 yards of cross drains already 
described, five Cross Drains are to be built in the lands of Balquharson, the pro- 
perty of Mr. Waddell. 

Three wooden Trunks, 18 inches square, are to be provided, and of sufficient 
length to cross the Railway in the moss, (vide Fig. 4 on Plan,) and are to be 
laid sufficiently low to carry the water from the main drains on the upper side 
of the moss to the main cross drains before described. These Trunks to be of 
Elm, or Fir, 3 inches thick, spiked, and bound with oak ties, or bonds, 4 inches 
square, tenanted and keyed; these bonds to be placed 4 feet apart along the 
trunks, and one 6 inches from each end. Should more of these trunks be necessary 
than those mentioned, the Contractor to be allowed for them extra, at a fair price, 
to be settled previous to the work being done. 

BALLASTING. 

The whole extent of this division of the Railway is to be ballasted to the 
depth of not less than 9 inches on the Embankments, and ten inches through the 
Cuttings, the width to be 12^ feet. The remaining portion of the width of 
Railway to remain at present without ballast, for a space of 200 yards in length. 
The ballasting is to be the full width of 25 feet, for the Sidings in such places as 
may be hereafter agreed on by the Engineer. 

The Ballasting is to be of hard durable free stone, from the quarry at Arden, 
or any other quarry that may be approved of by the Inspector, broken so that 
every stone may pass in any direction through a ring 3 inches diameter. This 
ballasting is to be procured, carried, and spread on the Railway by the Contractor ; 
but not until the Engineer is satisfied that the embankments are consolidated, and 
the surface prepared and levelled, and brought to the rates of Acclivity that will 
be necessary to produce the rates already specified, and marked on the section 
when the rails are laid. 

Before the Ballasting is laid through the Moss, the surface is to be first 
covered with a layer of goss, whin, or fern, over which a layer of green vegetable 
sod or turf is to be laid, 4 inches thick, evenly laid and jointed : if Gravel can be 
had, it may be used over the moss, instead of broken free stone ; but it must be 
put on double the thickness above specified — that is, 20 inches thick. The bal- 
lasting may be got at Callough Bum quarry, or such other quarry as may be 
approved of by the Resident Engineer. 
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BLOCKS AND SLEEPERS. 

The Blocks to be provided for this work are to be taken from Craig Mochan, 
or Avon Bridge, or such quarries as may be approved of by the Inspector. To be 
not less than 9 inches thick, 18 inches square on the top, and 20 inches on the 
sole; those at the joinings to be 12 inches thick, 20 inches square on the top, and 
24 inches on the sole. To be free from cracks or fissures, and otherwise neatly 
hammer-dressed to the shape of the drawing, with the top and bottom quite 
parallel, and so that every block shall rest on the natural bed of the stone. Two 
holes are to be bored in each block, 5 inches deep, and 1^ inch in diameter. These 
blocks to be placed as hereafter described, through the cuttings and embankments 
on the solid ground. 

Through the moss, Sleepers are to be used ; they are to be of fir, or elm, that 
would square to 8 inches, and to be 9 feet long. Longitudinal Beams are to be 
laid along the sleepers, at least 9 feet 9 long, and 4 inches deep, and 10 inches 
broad, scarf jointed, to receive the chairs for the rails; the spikes to pass through 
these longitudinal pieces, and enter at least 3 inches into the sleepers. 

The Blocks and Sleepers to be placed 3 feet apart, for receiving the chairs. 

In the very soft and deep portions of the moss, and such places as the 
Resident Engineer shall direct, there must be a Platform of Timber, about 100 
yards in length, (vide Fig, 6 on Plan :) this platform is to consist of common 
Fir poles, 5 or 6 inches diameter, and 10 feet long, placed side by side, so as to 
fill up the space between the sleepers; two beams of timber, 8 x 10 inches, are 
to be laid along the sleepers in the line of the rails ; these beams are to be laid so 
as to break joint with the one on the opposite side, and to be firmly fixed to the 
main sleepers by brackets and bolts, the joining of these beams to be at a main 
sleeper, the openings between the sleepers and the cross pieces to be filled with 
moss, or heather, and the whole covered with gravel, or quarry chips, 4 inches 
thick. As the length of Platform that will be required is uncertain, the Contractor 
is to give in his tendei' a price per running yards. Should it be required, upright 
fir piles are to be driven into the moss, for the sleepers to rest upon ; these piles 
to be 8 inches diameter, and 8 or 10 feet long; the sleepers to be firmly spiked to 
the piles, and their ends secured by diagonal braces. This work is to be estimated 
for by the yard, so that it may or may not be used, as occasion requires. 
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RAILS. 

The Rails required for the work will be provided by the Company ; but the 
Contractor is to load, and lay them through the whole extent of this division of 
the Railway, in a single road, and that in the centre of the formation, with one 
set of oflFset plates, blocks, and other materials, and works necessary for the con- 
nexions. All the Blocks, sleepers, offset plates, and rails, are to be accurately 
laid, both as to the line of direction, curve, and level. The joint Chairs to be 
neatly keyed, and the intermediate bearing Chairs carefully wedged. 

The iron of which these keys and wedges are to be made, will also be pro- 
vided by the Company, but the Contractor for the work must execute the work- 
manship thereof, and carry them to the line. 

The Chairs are to be fixed to the blocks by two pegs, made of Scotch oak, 
with an iron pin, f of an inch diameter, and 6 inches long, in the centre of 
each. The Company to provide these pins, but the Contractor is to provide the 
pegs. 

Before laying the Blocks and Sleepers, the ballasting under them, and 
immediately adjoining them, is to be reduced to a solid and compact mass, by 
ramming them with a paviour's jumper, except where the sleepers are laid on 
moss. 

The Rails will be delivered to the Contractor at the nearest point of the 
Ballochney Railway, and the Chairs, and other castings, from the foundry, 

in , at such times, and in such quantities, as the Resident Engineer may 

think desirable or necessary. 

The Contractor is to be allowed the use of part of the Rails and Chairs, for 
carrying out the stuff, or loading building and other materials along the line ; but 
he must provide Sleepers, ofl&et plates, switches, keys, and pegs, necessary for lay- 
ing the temporary roads. 

The Contractor shall furnish and provide all the necessary Tools and 
apparatus for laying the Blocks, sleepers, chairs, and rails, and adjusting them to 
the proper curve and level. 

The Contractor not to be allowed the use of more than three quarters of the 
quantity of Rails necessary for the permanent road ; and should he injure, break, 
lose, or destroy, any of the rails or chairs, in using them for the Company's road, 
he must replace the same with others in every respect similar to those he may have 
injured, broken, lost, or destroyed. 
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In order to provide for tlie safety of the rails, the Temporary Road is to 
be laid, and maintained in good condition ; and the waggon wheels and axles em- 
ployed thereon shall also be properly constructed, and kept in good working 
order, to the entire satisfaction of the Engineer to the Company for the time 
being; and no Waggon weighing more than 2^ tons gross, shall upon any account 
be allowed to pass along any of the temporary roads. 

BOXING, &c. 

When the Rails are laid, and permanently fixed, to the satisfaction of the 
Engineer, the ballasting is to be covered with good Boxing material, 10 inches 
thick in the middle between the rails, and diminishing gradually to 5 inches at 
the sides, as represented in the cross section, (see Figs. 7 and 8 on Plan.) 
The Boxing to consist of hard, durable free stone, broken so that no stone will 
weigh more than 4 ounces. That part between the rails, for a width of 3^ feet, 
and depth of 6 inches, is to be laid with the hardest of the stone produced from 
the dressing of the blocks, or scaling of free stone ; these to be broken, so that no 
stone will weigh more than four ounces. The surface to be blinded, or dressed 
with 2 inches of fine gravel, or quarry chips, free from clay, to within an inch of 
the surface of the rails. If required, one side of the road through the cuttings, 
to the extent of 2,700 yards, is to be edged or bordered with a neatly hammer- 
dressed free stone Curb, no stone of which is to be less than 14 inches deep, nor 
less than 15 inches long; to be 5 inches thick at top, and 8 inches at the bottom, 
and to be neatly dressed in the joints to the depth of not less than 6 inches. 
The water channels, to the breadth of 6 inches, and to the same extent as the 
curb stone above described, is to be laid with hard stones set on edge, not less than 
4 inches deep, and all laid and neatly packed, pinned, and pointed. The boxing 
to be taken from Avon Bridge or Craig Mochan quarry, or such other quarry as 
the Resident Engineer may approve. 

When the boxing and roadway is completed, the surface is to be neatly 
trimmed and dressed, exactly to the curve represented on the cross section. 
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MASONRY. 

There are to be three Occupation Bridges, two Parish road Bridges and four 
Arches, or culverts, in this division of the work; the particulars of which are as 
follows : — 

No. 1. Parish Road and Bridge. 

The Parish Road, leading from Avonhead to Slamannan, is to be crossed by 
the Railway at the point D, as shown in the plan, in a 9 feet cutting. By lower- 
ing the parish road, a crossing may be made on the level, and in this case a bridge 
need not be built; but should the Company not be able to eflFect such an 
arrangement, then the Contractor is to build a bridge as shown in Plan No. 1, and 
according to the following specification: — 

The foundations are to be excavated sufficiently deep to secure a solid and 
uniform bearing. The walls of the bridge to be founded, and carried up to 1 foot 
above the surface of the ground, with stones measuring not less than 6 inches 
thick, nor less than 6 superficial feet on the bed ; the joints to be made to fit each 
other, and laid in even courses of uniform height. 

The face of the Abutments, arch, wings, parapet, and outside spandrel walls, 
to be coursed work, with close square joints. No course in the abutments shall 
be less than 8 inches thick, and to be of the same thickness throughout ; no stone 
in the abutments to be less than 1 foot 4 inches on the bed ; no stretcher less than 
18 inches long, and no header less than 2^ feet long, laid 1 header for every 2 
stretchers. None of the arch stones to be less than 21 inches long, nor less than 
11 inches deep, and their beds neatly dressed, to radiate to that part of the arch 
where laid. 

The face of the Abutments, arch, corners of wing walls, and spandrel walls, 
likewise to have chisel draft round each joint, and bratched in the centre, not less 
than twenty-four stripes to the foot. 

The quoins of the Abutments, ring pins, string course, and coping of parapet, 
and pillars at the ends of parapet, to be droved work ; the quoins and ring pins 
to project f of an inch, and each joint to be chamfered to that depth, and the ring 
pin to be made to vary in depth, so as to square with the joints of the outside 
spandrel walls. No course in the wing waUs to be less than 8 inches thick ; no 
stone less than 12 inches broad on the bed; no stretcher less than 8 inches 
long ; no header less than 24 inches long, laid 1 header for every 2 stretchers. 
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The face of the Wing Walls is to be neatly hammer-dressed, with a chisel 
draft round each joint. The string course to be 12 inches thick, and no stone to 
be less than 18 inches long, and to project 2^ inches. The parapet wall to be 
1 foot thick, and 1 stone in breadth, wrought in the same manner as the abut- 
ments, and spandrel walls. The cope of the parapet walls to be 16 inches broad, 
and 9 inches thick at the centre, and weathered oflF 2^ inches on each side; no 
stone to be less than 1 8 inches, and to be connected to each other by cast iron 
dowels, 6 inches long, and 1^ inch square, run with cement. 

The cope of the pillars, at the extremity of the parapet walls, to be 1 foot 
thick, dressed, and weathered oflF, as described for the cope of the parapets, and 
firmly bolted to the masonry below. 

The other parts of the building not here described, to consist of substantial 
Rubble masonry; and all the stones to be laid on their natural bed, and all well 
packed, primed, and pointed. 

The back of the Abutments, and space behind the wing walls, to be made up 
with hard dry materials, in courses not more than 1 ^ foot thick, and beat up hard, 
and firmly placed behind the walls. 

When the Masonry is completed, and finally approved of by the Engineer, 
then the approaches and roadway are to be made up by the Contractor, and the 
roadway is to be covered with broken stones to the breadth of 12 feet, and 1 foot 
thick. 

The Contractor must be particular as to making up the Mortar fresh before 
it is used ; it is to be composed of good lime, and mixed with sharp river sand, in 
the proportion of 1 of Lime to 2 of Sand. The lime to be well burned and 
slacked, and the whole well wrought, and thoroughly mixed with the sand, and 
used whilst fresh. 

The Contractor is to make and maintain a Temporary Soad, for the 
accommodation of the public, while the bridge is erecting ; he is to fence off* the 
same, and do everything else that the Inspector may deem necessary for the safety 
of the public. 

As it is uncertain whether this Bridge will be required or not, or the parish 
road changed, the Contractor is to specify the sum for which he will build it 
separately. 
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No. 2. Occupation Bridge. 
Vide Plate No. 67. 

The Contractor is also to excavate the foundations, and build an Occupa- 
tion Bridge over the Railway, in the lands of Longrigend, at the point marked E 
in the plan and section. The Bridge is for the accommodation of the occupier of 
the land, and is to be built according to the Plan No. 2, the Abutments and Wing 
Walls according to the specification for the Bridge No. 1. 

Timber Beams are to be thrown across the piers, instead of a stone arch, as 
shown in the plan and sections. These Beams are to be of Memel Timber, 1 foot 
square, and trussed with 2 inch round iron, resting in three Saddles, as shown in 
the plan. The Beams are to rest on a sleeper of Memel, 6 inches by 1 2, and are 
to be bound and connected by an iron Rod, and the upper surface sheeted with 
planking of the best description, 3 inches thick, firmly spiked to the main beams, 
and the roadway protected by two iron hand rails, as shown in the plan. 

No. 3. — An Arch is to be built under the embankment, at the point marked 
F in the plan and section, for farm occupation. This Arch is to be built according 
to the Plan No. 3, which accompanies this specification. The ground is to be 
Excavated to a sufficient depth to secure a good and solid base for the masonry. 
The whole of the walls are to be founded with stones, not less than 2 feet broad, 
4 feet long, nor less than 10 inches thick, and dressed to a parallel upper and 
under bed ; hammer-dressed in the joints, and carried up in this manner to 1 foot 
above the level surface of the ground. 

The Abutments, arch, and wing walls, shall be of coursed work, and of the 
same thickness throughout. No course in the abutments, or wing walls, to be less 
than 10 inches thick, and no stone to be less than 15 inches broad on the bed; no 
stretcher to be less than 2 feet long, and no header less than 3 feet long, and laid 
header and stretcher alternately. No arch stone to be less than 1 foot 9 inches 
long, nor 2 feet deep at the spring, but may be diminished gradually to 1 foot 9 
inches at the crown, and no course to be less than 9 inches thick. The soffit of 
the arch is to be neatly dressed to the curve, with a chisel draft round each joint, 
and neatly picked between, and all the joints to be dressed full and fair. The 
quoins of abutments to be returned with stones, not less than 18 inches broad, and 
3 feet long, alternately, and those with the ring pin to be droved work. 

The Wing Walls are to be coped with stones, set on edge, 1 foot deep, and 1 
foot 9 inches broad, with a 3 inch projection ; to have a chisel draft on each joint, 
and left rough in the centre. 



157 

All the work in this Bridge, or Arch, not particularly specified, is to consist 
of the best and most substantial rubble masonry, and the large flat bedded stones 
laid so as to require little packing. The mortar used to be similar to that already 
described, and the whole to be executed in a substantial and workmanlike manner. 
The whole of the arch is to be covered with a layer of well wrought clay Puddle, 
not less than 18 inches thick. 

In putting in the embankment near the arches, and other masonry, care must 
be taken to lay the stuff in regular courses, not exceeding 2 feet thick ; which is 
to be pounded well up to the masonry, and beat into a solid, firm mass, for a dis- 
tance of 15 feet at least from the face of the work. 

No. 4. — An Occupation Bridge is to be built in the lands of Binney Hill, at 
the point marked G in the plan and section, in 30 feet cutting, according to the 
plan marked No. 4, and the specification for the Bridge No. 2, of the same descrip- 
tion — that is. Stone abutments, and wing walls, and Timber roadway. 

No. 5. — A Bridge for the parish road to Slamannan, by Binney Hill, at the 
point marked H, in 21 feet embanking, according to the Plan No. 5, and agreeable 
to the specification for the Bridge No. 1, already described. 

A 9 feet arch is to be built over CoUagh Bum, at the point marked 1 on the 
section, according to the Plan No. 6, on the occupation road to Binney Hill, the 
property of Mr. Waddell, and conformable to the specification of the arch over the 
said Bum, in 35 feet embankment, as hereafter described. 

The accommodation Road to Binney Hill is to be raised, as shown in the 
ground section at I, so as to pass over the arch. It is to be 12 feet wide, and to 
be covered with 6 inches thick of stone from the Collagh Bum quarry, properly 
broken, and laid on at such times, and in such quantities, as may be pointed out 
by the Inspectors. 

A Fence is to be erected on each side; it is to be of dry stone, or post and 
rails, as may b^ most agreeable to Mr. Waddell. A Retaining Wall may be found 
necessary on the East side of this road ; if so, the dimensions and price is to be 
fixed by the Inspector, and the amount allowed in addition to the Contractor. 

In case the Company should deem it advisable to deviate or alter any of these . 
plans of Bridges, and build others of a different description, or omit them 
altogether, then the Contractor is to be furnished with another plan and specifica- 
tion, to enable him to make a tender for such work : or the Company may have the 
power of letting these Bridges to other Contractors, should they think proper to do 
so ; in which case, the estimated sum for these Bridges is to be deducted from the 
amount of the general estimate, a detail of which is to be annexed to the Contract. 
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ARCHES, OR CULVERTS. 

Besides the bridges above specified, a Culvert, 4 feet wide, is to be built in 
the lands of Lodge, under a 17 feet embankment, according to the figures 4, 5, 
and 6, on the Plan No. 7. 

The masonry in the Abutments and Wings to be of sound Rubble, the stones 
to be laid on their natural beds, and all well packed, primed, and pointed ; the 
masonry of the Arch to be of dressed stone, neatly jointed and dressed, and 
finished in a workmanlike and substantial manner. The back of the abutments, 
and space behind the wing walls, to be made up with hard dry materials, in 
courses not more than 18 inches thick, beat up hard, and firmly placed behind 
the walls. The bottom of the Culverts to be paved with hard stone, firmly laid, 
and packed with stone chips, and the ends secured by a row of large stones. 

A Second Culvert of the same width is to be built in the same lands, accord- 
ing to the figures 1, 2, and 3, on Plan No. 7, and of the same description of 
masonry as already described for the first culvert." 

An Arch, 9 feet span, is to be built over the CoUagh Burn, under a 35 feet 
embankment, according to the figures 1, 2, and 3, on Plan No. 8. The ground 
is to be opened for the Foundation in the direction of the stream ; it is to be sunk 
6 feet below the ground line, or as much more as may be necessary to secure a 
sure and firm bottom. The foundations of the Abutments and Wings to be of 
sound rubble masonry ; feet thick at the base, to have an ofi* of at 
height, and 9 feet thick within feet of the ground line. The Abutments to 
be of sound rubble, hammer-dressed on the face, and no course to be less than 
8 inches thick, and to be of the same thickness throughout. None of the arch 
stones to be less than 18 inches long, nor less than 12 inches deep, and their beds 
neatly dressed to radiate to the arch. The Arch to be 9 feet span, to rise 3 feet, 
and to spring feet above the ground line. The to be hard sound 

stone, 9 inches deep, laid dry, and firmly packed. The Wing Walls to be feet 
long, to be founded as low as the abutments, if found necessary, and to be built 
of sound stone masonry, feet thick, and at the ground line. The Spandrel 
and Wing Walls, from the level of the ground line, to be thick, the counter- 
forts to rise to the level of the springing. The parapet and wing walls to be 
coped with stone, similar to the bridges already described. 
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BREAST WALL. 

A breast or Retaining Wall is to be built along the bottom of the slope, in 
front of Binney Hill Lodge, to prevent the slopes from being injured by a run of 
water in Collagh Burn in the times of flood. It is to be 2 feet 6 at bottom, 
14 inches at top, 4 feet high, and 300 feet long, or more if required; the running 
yard should therefore be stated. 

An Arch is to be built over the Cross Burn, in a 14 feet embankment, 
extending under the road to Slamannan by Pimey Lodge. It is to be 7 feet 
span, to be built according to the 4, 5, 6, in Plan No. 8, and agreeable to the 
specification of the 9 feet arch, already described, for the Collagh Burn ; and a 
new water course is to be built, as shown on the plan of the Railway at X Y. 

CROSSING OF PARISH AND OCCUPATION ROADS. 
Not already described as requiring Bridges. 

The parish Road by Lodge to Slamannan is to be raised 1 foot, by earth and 
rubble pitching, laid by hand; the surface of which, to the depth of 4 inches, is 
to be covered with broken whinstone, 18 feet wide, neatly and evenly spread. The 
length to be 20 yards on each side of the Railway. 

The parish Road to Slamannan at Blaquharson is to be raised I foot 2 inches, 
by a rubble pavement, placed on 6 inches of earth filling ; and the pavement 
is to be covered with broken whinstone, 4 inches thick, neatly spread and formed. 
The width to be 18 feet and the length 20 feet on each side of the rail. 

Where the Railway crosses the road to Slamannan by Pimey Lodge, this 
road is to be raised 9 feet 9 inches, as shown on the general section at G, and 
carried on the level over the Railway. When the filling is completed, the surface 
of the road is to be carried up with 6 inches of properly broken whinstone, formed 
to a proper curve, and cross section, 18 feet wide. 

A post and rail Fence is to be constructed on each side of the roadway, 
similar to that described for the Railway ; only that there is to be a double row of 
posts and rails, to protect the quicks from cattle. 
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GENERAL OBSERVATIONS. 

All the Stones required for the blocks, stone dykes, and bridges, shall be pro- 
vided by the Contractor ; which stones shall be taken from Craig Mochan quarry, 
Arden quarry, Avon Bridge quarry, upon payment of per fall, or from any 

other quarry that may be approved of by the Engineer or Inspector, 

As it is of the greatest consequence that the Blocks should be provided and 
dressed in the quarry as early as possible, so as to be examined by the Resident 
Engineer from time to time, previous to their being carried to the work, by which 
means he has time to examine and reject those that are defective in size or quality, 
the Contractor is to bind himself to furnish every month, or forfeit a 

sum of 10/. for any such omission. 

The Stones required for the Ballasting, boxing, drains, and dwarf walls, may 
be got from Arden, or any more convenient quarry that may be discovered near 
the work, upon payment of per cube yard. 

The Contractor is to furnish and provide all Materials, Centering for 
the bridges, arches, and culverts, with Waggons, tools, barrows, and implements 
of every kind and description necessary for the proper execution of the work| with 
the exception of the rails and chairs as above mentioned. 

The work shall be proceeded with so soon as the Contract (to follow hereupon) 
is subscribed to by the parties. ThB whole work herein specified shall be com- 
pleted and perfectly finished before the 1st of 

Until the Work be finally approved of by the Engineer, and taken off the 
hands of the Contractor, he shall maintain all the works, stone, masonry, and 
iron, and shall keep all the fields properly fenced through which the road passes, 
so far as his operations extend ; and if by neglect of the Contractor, his workmen, 
or others, damage shall arise by cattle straying, or otherwise, the amount thereof 
shall be withheld by the Company from the amount of the Contract price for the 
work. 

The Company is to pay all Temporary Damage on the line of road, in so far 
as the ground to be permanently occupied extends ; but the Contractor shall be 
liable for damage done by himself or workmen by quaiTies, roads, or any other 
operation beyond the line of road. 

The Company reserve power to make such alterations, or deductions from, or 
additions to the work, as they may think proper, without violating the Contract 
to follow hereupon : Provided such deviations or alterations be made in writing, 
signed by the Engineer and Clerk of the Company ; allowance being made in 
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either case for the same, as shall be fixed and determined between the parties by 
the Company's Engineer. 

The whole work herein specified shall be done in a substantial, neat, and 
workmanlike manner, to the satisfaction of the Engineers to the Company. 

In order to secure the proper laying and fittings of the Blocks and Sleepers, 
rails, and chairs, for the Permanent Road, the Contractor shall be bound to 
appoint an experienced Foreman to conduct that part of the work, and one that 
shall be approved of by the Company's Resident Engineer. 

Security will be required for the proper performance of the work, and the 
price will be paid by monthly instalments, as the work advances, and as the 
Superintendent shall certify, deducting one-tenth from the amount of such cer- 
tificate of the work actually executed, and measured in detail by the Super- 
intendent. The balance arising from these deductions to be paid the Contractor, 
on the certificate of the Engineer, every three months, or as often as he inspects 
the works. 

The Contractor shall also be bound to maintain the Bridges, drains, and 
other masonry executed by him, for the space of one year after the completion of 
the work. 

Persons desirous to contract for the work are to state a lump sum for exe- 
cuting the whole work herein specified. The Engineer for the Company may, 
however, call for the detailed estimate of the Contractor approved of by the 
Company. 

Should Stone be found in the Cuttings, or along the line," fit for blocks or 
bridges, a corresponding deduction is to be made firom the lump price mentioned 
for the same, as the Company's Engineer shall consider fair and reasonable 
between the parties. 

The Company will not pledge themselves to accept the lowest ofier for the 
work, unless the person so ofiering be otherwise approved of. 

Sealed Proposals for the work, addressed to the Committee of Management, 
will be received at the office of Messrs. Mitchell, Graham and Mitchell, 36, Miller 
Street, Glasgow. (Signed) 

JOHN MACNEILL. 
London^ M August y 1836. 



[All clauses referring to the Stone blocks and Stone bridges, centering, &c., were 
omitted, and the Contractor was not required to include the same in his estimate ; 
also, the clauses relating to Security required, &c., were omitted. — Editor.'] 

X 



LANCASTER CANAL. 



JOHN RENNIE, Esq., Engineer. 



Aqueduct over the River Lune. Vide Plates 68 and 69. 

A very elegant Work. We cannot do better than avail ourselves of Mr. 
Peter Nicholson's description, as given in his Architectural Dictionary; merely 
observing that the aqueduct, like all the works of its great designer, maintains 
at the present time the distinguished position which Mr. Nicholson has so justly 
assigned to it. 

" Mr. Rennie also constructed the Aqueduct Bridge over the river Lune, at 
Lancaster, which is considered as one of the most magnificent works of the kind 
extant. At the place where it is built, the water is deep and the bottom bad, — 
the foundation is therefore laid 20 feet below the surface of the water, on a floor- 
ing of timber resting on piles ; the Arches are five in number, each of 70 feet 
span, and rise about 39 feet above the surface of the water. It has a handsome 
Cornice, and every part is finished in the best manner. The total height, from 
the surface of the river to that of the canal, is 57 feet, and the canal admits barges 
of 60 tons burden to navigate upon it. The foundation alone of this building 
cost £15,000, and the superstructure more than double that sum, although the 
stone was obtained from a quarry less than a mile and a half from the spot." 

Plate 69 shows the Works in state of execution, as they appeared in 
September, 1795. 

The Frontispiece (Plate 70) represents the Bridge over the Grand Junction 
Canal at Blisworth, upon the London and Birmingham Railway, with the works 
in state of progress as they appeared in the month of September, 1837. 



LIST OF PLATES. 



Plate 1. London and Birmingham /Zcu/woy.— Penniment Way in excavation. 

_ 2. -^ — Bridge for intended Street on the Duke of Bedford's Estate. 

— 3. — — Bridge over the Hampstead Road. 

— 4. — — Bridge over Park Street, upon the Extension. 

— 5. — — Ditto ditto Details. 
, — 6. — — Bridge for Stanhope Street 

— 7. — — Retaining Wall from Park Street to the Regent's CanaL 

— 8. — — Bridge over the Regent's Canal, near Chalk Farm. 

— 9. — — Ditto ditto Details of oatside Main Ribs, &c 

— 10. — — Ditto ditto Details of oatside Main Ribs, &e. 

— 11. — — Ditto ditto oatside Bracing Frames, Girders, &c 

— 12. — — Ditto ditto inside Bracing Frames, Girders, &c. 

— 13. — — Ditto ditto Plan showing Cast Iron Gratingi &c. 

— 14. — — Ditto ditto Plan showing mode of fixing Chairs, Rails, &c. 

— 15. ~ — Method of Working the Primrose Hill TonneL 

— 16. — — Ditto ditto. 

— 17. — — Details of Iron Plates for Tannel Fronts. 

— 18. — — Bridge for the Boame End Road. 

— 19. — — Bridge for Haxter*s End Lane. 

— 20. — — Bridge for road from Berkhampstead to Gaddesden. 

— 21. — — Details of Culverts. 

— 22. — — Undersetting of Bock in Blisworth Catting. 

— 23. — — Stone Bridge from Roade to Plane Woods. 

— 24. — — Bridge at road from Blisworth to CoartenhalL 

— 25. — — Bridge from Towcester to Cotten End. 

— 26. — — Stone Bridge from Stivichal to Hearsall Common. 

— 27. — — Front of Northchorch Tannel Elevation. 

— 28. — — Ditto ditto Plan and Sections. 

— 29. — — Ditto ditto Section of Tannel, Shaft, &c. 

— 30. — — Ditto ditto Iron Curbs to Shaft. 

— 31. — — Front of Kilsby TunneL 

— 32. — — Bridge at Road in Yardley Parish. 

— 33, — — Bridge over the River Saw, 

— 34. — — Details of a 12-feet TamraiL 

— 35. — — Ditto ditto. 

— 36. — — Bridge across the Grand Junction Canal at Blisworth. 

— 37. — — Ditto ditto Transverse Section with Details. 

— 38. — — Ditto ditto Plan of Ribs with Details. 

— 39. — — Ditto ditto Details of Main Ribs. 

— 40. — — Bridge over road at Berkhampstead Castle. 

— 41. — — Plan of Syphon Pipe for a Stream. 
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Plate 42. Otmud JunetUm Raiboajf, — Aqaedact for the Duke of Bridgewater'a GHud at Preston Brook. 

— 43. — — Details of Iron Bridges. 

— 44. — — Bridge over Slade Heath, near Wolverhampton. 

— 45. — — Bridge over the River Mersey and Canal. 

— 46. Oreat Weitem i?ai/ioay."Detail8 of Brick Bridges over Riulway in Catting and in Embankment 

— 47. — — Bridge crossing the Float at Bristol 

— 48. — — Details of Uxbridge Road.Bridge. 

— 49. South Eastern Railway. — Bridge over the Railway at Tadeley. 

— 50. — — Occapation over the Railway at Summerden Farm. 

— 51. — — Details of Timber Bridges. 

— 52. — — Timber Pier, Folkestone Harbonr. 

— 63. — — Reservoirs at Tonbridge. 

— 54. — — Ditto ditto Details of Construction. 
_ 55. _ — The Water Tank at the Tonbridge Station. 

— 56. — — Details of a 15*feet Turntable. 

— 57. LomdoH and Greenwich RaUtoay. — Bridge over the Spa Road. 

— 58. — — Ditto ditto Sections, &c. 

— 59. — — Details of 26*feet Tumplate at Greenwich. 

— 60. — — Ditto ditto Enlarged parts. 

— 61. Leeds and Selby Railway. — Details of Tunnel front 

— 62. — — Details of Shed at the Selby Dep6t * 

— 63. — — Details of Shed at the Leeds Dep6t 

— 64. Midland CoumUes Railway. — Viaduct over the River Avon. 

— 65. — — Cast Iron Bridge over the River Trent. 

— 66. — — Bridge over the Oxford Canal. 

— 67. Slamannan Railway. — Occupation Bridge on Farm Road on the lands of Hill. 
^ 68. Lancaster Canal. — Aqueduct over the River Lone. 

— 69. — — Ditto ditto showing the Works as they appeared in September, 1795. 

— 70. London and Bimunyham Railway, — View of the Bridge over the Grand Junction Canal at Blisworth, 

showing the Works in state of progress, as they appeared in September, 
1837. 
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